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ABSTRACT 
The s u b m tl r i n C s O i 1 (' i n (} r. l O f j O rd e n • from Os. 1 0 a 1 mos t t O Fu g 1 eh u k 
to combine geology. geophysics. and geotechnology in an integrated 
area that would serve to test a concept that later could be applied 
to the occc1n basins. 
Four n~ajor basins are located along the Oslofjorden rnain axis: 
East Vestfjorden, Djuprenna, Bast¢ydjupet, and Rau¢yrenna. Up to four 
major acoustic reflectors above pres urned basement were identified in 
the basins. It is postulated that continuity of reflectors exists be-
tween the different basins. After the geophysical study short gravity-
type and piston-type cores were sampled using the principle of incre-
mental sampling. 
The generalized character of the submarine sediments inside the 
basins is a highly plastic, inorganic, CH-type silty clay where the 
mineralogical composition is similar to that of 'the uplifted marine 
soils. Based on the soil parameters equations relating principal geo-
technical and geochemical properties to depth were developed. The follow-
ing equations result from summarizing the five major borings, inside 
the four basins, with respect to depth in meters were: bulk density 
- (t/m3)=l.483+0.02lz; water content{% dry weight)=l07.543-6.840z; 
shear strength (t/m2)=0,635+0. 171z; organic carbon {%)=0.802-0.034z, 
and Caco3 (%) =3.210+0.153z; pore water salinity (0 /oo)=34.005+0.167z. 
Three carb~n 14 age dates on organi~ carbon from soil in borings 
\. 
from two basins pennitted rates. of sedimentation to be determined • 
' ' -
. ". ' 
' . 
. ,, 
• 
.. · 
•'. 
. -.J 
' 
., I 
Djuprenni\ had a high rate of 1 . 58 n1/ 1000 year·s, a deep water sf te 
water site in Raut,yrenna 0.63 rn/1000 ycdrs. 
The overconsol idation ratio, con1puted between 2.6 to 6.9 m in 
the five borings, showed a remarkably consistent relationship to 
depth be l o 1•'' the b o t to r11 • The n1 a g n i tu de o f a pp are n t over con so 1 i d a t i on 
w a s i n v e rs e l y re l a t e d to d e p th a h o v e a b o u t 5 rr1 • 8 e l o ~-, th i s d e p th , 
no r·m a l 1 y con s o 1 i d a t e d s e d i rn en ts ~,er e p res en t . S i n c e there i s no g e o-
logi~al evidence to indicate true overconsolidation at depths 
than about 5 m, it is concluded that the overburden stress at 
depths is inadequate to consolidate these silty clays. 
of less 
lesser 
Quick clay, having a sensitivity greater than 15, was found in 
the Rau¢yrenna shallow water site, which was atypical of the other 
borings. At this location, the soil tended to be coarser grained and 
had a lower plasticity index than in the basins. It is postulated that 
the quick clay is related to unusually low (less then 0.2%) organic 
carbon. 
Only the water content and the Caco3 consistently varied from 
' 
north to south along the axis. The magnitude of all other geotechnical 
and geochemical properties showed a variable relationship with respect 
to distribution in the .four axial basins of the Oslofjorden • 
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INTRODUCTION 
Genera 1 Sta ten1en t 
_,_,..,."-.., __ ,.., ~...,, _.., WWW 
This p;1per is the fourth in a series describing res u 1 ts of the 
Oslofjorden Project conducted by 
(NGI) in 1963-64. The first (/\ndresen et _(1_~., 1965) briefly described 
a ne,w, gas-operated piston corer developed for the Project. The second 
(Richards, 1973--hereafter called TR 13) discussed the history of the 
P r o j e c t , rep o rte d i n d e ta i l f i e l c1 a n d l t1 b o r a to r y rn e th o d s a n d p r o c e d u res , 
a n d p re s en t e d th e g e o 1 o g i c a 1 - g e op h :/ s i c a 1 , g e o c h e n1 i c a 1 , a n d 9 c o t e c h n i c a 1 
data--for the most part withq_ut interpretation. The third paper 
(Larsen and Richards, in preparation) synthesized information from the 
9.7 m deep boring in the south end of the Dramsfjorden. Future papers 
are intended to synthesize and interpret geological-geophysical results, 
consolidation studies, and the statistical interrelationships of some 
geotechnical and geochemical data. 
Four principal basins are located on the main axis of the Oslo-
fjorden (Fig. 1): (l) East Vestfjorden, the largest basin in the inner 
fjord, is 1ocated east of Slemmestad; (2) Djuprenna is the basin 
. 
located west of Hvitsten; (3) Bast¢ydjupet is the well-defined basin 
located east of the island of Bast~y; and (4) Rau~yrenna, the largest 
basin in the Oslofjorden, lies west of the island Qf Raupy and extends 
-:>f ..... ; 
south beyond the study area to the Skagerak • 
. The objective of this paper is to sunmarize briefly the field and 
laboratory methods reported in detail in TR 13, to describe and discuss 
the soils in each of the four basins, and to summarize _the changes in 
. the principal properties of the Os.lofj·orden soils from basin to 9asin 
. .. 
3 
. " 
-....... . . 
--~.-~-' 
. ,_ ... ,:._., ... . 
• 
• 
-------------------------------·£-------·· ---
! 
·-----
- . 
along the axis of the fjord. 
Metric uni ts 1 n corm1on usage in the 1960' s are presented 1 n th1 s 
S ymb o l s a r1 d ab b rev i a t i o n <_~ d r e l i s t e d i n /\pp e n cJ i x I I • 
The Oslofjorden is located in the southeast part of Norway, where 
the capital, Oslo, is sited at the north end of the fjord (Fig. 1). 
The south boundary of the Oslofjorden is the Ferder Si 11, which has a 
de p th o f ab o u t l 2 0 rn a n d s c pa r a t e s t he Os 1 of j o rd en fro n1 th e S k a ~J e r a k . 
The rnaxin1urn depth within the area investigated is 369 n1, west of Rau~y, 
according to the Norwegian Hydrographic Office Chart 3. From Oslo to 
Ferder the length of the Oslofjorden is nearly 100 km, the maximum width 
is about 23 km at the outer channel, and the minimum width is about 
1.8 km at Dr¢bak Sound. The total area of the Oslofjorden is approxi-
mately 1470 km2, according to the Norwegian Institute for Water Research 
(Molvaer, personal communication), when the southeast boundary is 
represented by a straight line located between the Norwegian city of 
Stavern and the Swedish border. This area includes the northeast arm 
of the Oslofjorden called the Bonnefjorden and excludes the Dramsfjorden 
to the northwest (Fig. 1). The Dramsfjorden basin is separated from 
the Oslofjorden by ~he very narrow sound at Svelvik, which has a dredged 
t 
sill depth measured in this study to be only 9 m. 
.{ 
Geologic Setting 
The main axis of the Oslofjorden follows closely the east boundary 
. ' 
of the Oslo graben, which developed in the Pennian. Many of the 
' 
'. 
\ -
4 
". .. 
• 
. .... 
. "· 
·;·- .• ~!.'-"'t 
.. , .. , 
. .-. 
. ... I 
• 
..I 
. , 
structural features of the fjord are intimately associated with the 
region,J1 fault pattern, for instt1nct;, the :;1djor tJt:nd in the l<lr-~Jest 
basin west of Sletter St. (Fig. 1) _ 
Both the emergent and submergent t,opography has been smoothed and 
modified by the repeated glaciation during the Pleistocene. Holocene 
s u b rn c1 r i n c ci c, p o s i ts , 1 e f t s i n c c th c l a s t ~ 1 l c1 c i e r b c ~ Ft n to re tr ea t a b o u t 
1 0 , 0 0 0 ye a rs a g o ( H o l rn s en , 1 9 6 5 ) , b l a n kc t the re 0 i o n o f t h c O s 1 o f j o rd en 
from the n1axin1um depth in the existing fjord to an elevation in son1e 
areas in excess of 200 m above sea level. Post-glacial rebound of the 
land accounts for the uplift of the marine soils, which greatly exceeded 
the eustatic rise in sea level during the Holocene in this general area. 
Several tenninal moraines were left as the glacier receded inter-
mittently. The southernmost is the Ra, which is located west of Horten 
and T~nsberg and east of Moss (Fig. 1), and presumably crossed the 
existing fjord north of a line between Horten and Moss. The moraine 
at Svelvik closed the Dramsfjorden from the Oslofjorden during the 
0 
As-Ski substage, while north of Dr¢bak the bathymetric effects are 
relatively unnoticeable. The Aker glacial stillstand i.n the vicinity 
of Oslo appears not to have left submarine traces that are reflected 
in the bathymetry. The terrestrial locations of the moraines are shown 
by Feyling-Hanssen (1957} and Holtedahl (1960). 
Previous Work 
Holtedahl (1960) has surunari.zed the geol.ogy of the Oslofjorden 
I 
region. Feyling-Hanssen (1964b) and Holmsen (1965) have discussed 
'--------'. .... --~ . . , . 
Holocene geologic history. Feyling-Hanssen (1964a) re.ported on his 
....... ... ' 
• 
• 
- . . 
5 . .• 
.... 
. .. ·-
' 
~, ... , 
..... 
• 
o• 
··u·t<; . 
extensive studies of the foram1nifera in Holocene deposits~ he also 
related foraminifera to geotechnical properties of terrestrial soils 
in a 1957 paper. In 1962, the Norwegian Institute for Water Research 
(NIVi\) bcqt1n extensive investigations on the water quality of the Oslo-
fJ·ordcn, \•.1hir-r 1 ',•it 1 'r'1• 11)1~·1.nfl, 1 CL 1"'.'.l:····1·r'171.·.·ri ,·,1 r,1(11=1·.•~'1 ·r··\/ ;)LllJ'l ('i(1(())· ,n '- I -· . . t. J . .) ' I I ' ' ' I t I ;._ ' • \ • . : . . I j ) J ' ' . . \ .. i I ./ l) ( ) , 
N I VA tech n i c a l rep o rt s , \~ r i t ten i n No r·,,,1 c q ·i a n , t h c 
described by Mun the-Kaas ( 1967} , bot torn sed i 111en ts and fauna by Beyer 
(1967), and hydrography by Gade (1967). Doff (1969) presented a de-
.tailed account of the geochemistry of the Oslofjorden sediments 
collected in short cores by NIVA; his thesis also contains a good 
description of the geology, hydrology, water chemistry, and biology of 
the Oslofjorden. 
Geotechnical properties of the uplifted marine soils have been 
summarized by Bjerrum (1954, 1967). Geotechnical properties of the 
~submarine soils were unknown prior to the NGI Oslofjorden Project, 
except for a few harbor studies--for example, Bjerrum et.!!_. (1957). 
After the NGI Project began in 1962, preliminary accounts of results 
have appeared on the scope of the Project (Richards, 1965a), on the 
piston corer (Andresen et al., 1965), on the marine geology (Richards, --
1965b), and on the discovery of quick clays having nonnal oceanic pore-
I 
water salinities (Richards, 1966). 0fsthus (1966) reported on the 
University of Bergen results of marine seismic investigations conducted 
during the Project and after the Project. Unpublished consolidation 
data and boring results front the Djuprenna site were made available to 
Skempton for inclusion in his 1970 paper on gravi~tional compaction • 
. I 
6 
~: 
,, 
' ' . ' 
•. 
,. ' 
.. . 
... I"" -· .. ' 
\ FIELD M£THODS 
Bathymetry 
A new bathymetric chart of the Oslofjorden (Fig. 1) was prepared 
and ,."'='> .'· , .--·, l'"'j f .1_ l r •, .· r ~ t • ·. 1· . , . 1 • I I 1"· / •. • 
..... I d . ' ' ,,,, L , d l \. .. J l. ' I L -, . ' " .··~ 1· ('~ ; Ve t. ,I, i... t . l ,) i t 
new R/V. ,1 .. ~J. S~·~l:~~ci_r~dj)_ sounding lines 1nade in 1963 ( TH 13). Sound 
velocity profiles ;naJe in the water colu111n show that the echo soundings 
may be considered true depths. All of these soundings were contoured 
at a 5 0 rn i n t er v a l on the as s u n, p t i on th a t the s u b rna r i n e b a thyme try 
represented essentially identical geology and physiography as observed 
above water on either side of the Oslofjorden. 
Sub-Bottom Reflection Profiling 
A SIMRAD 11 kHz research sonar was modified at the finn of Simonsen 
and Mustad, A/S, Horten, for sub-bottom profiling for the Oslofjorden 
Project, and given the name SIMRAD Bottom Penetration Sounder-X. 
Specifications are listed in TR 13. Sub-bottom BPS-X records were made 
along all of the echo-sounding tracklines and selected profiles were 
presented in TR 13. The assignment of the depth scale is based on sound 
velocity measurements made in the water column and in selected core 
samples that were presented in TR 13. It was assumed from these data 
that the sound velocity in the .submarine soils was about 1500 m/s, 
regardless of depth. .. 
Sampling 
A gravity-type sampler was fabricated by simplifying and improving 
the Hydropl~stic corer {Richards and Keller, 1961) to utilize the 54 mm 
·' 
7 
... ~. ~.- . 
I . 
-
. .,. 
-. 
.. 
diameter mild steel barrels available to the NGI Oslofjordcn Project. 
This ne-.,; sampler {TR 13) featured a rubber-stopper check v<llve that 
fit into ·the top of the steel barrel, a quick attachrnent friction clamp 
as s en~ b 1 y , a n cJ a c 11 l i n d r i c J 1 \-. e i g h t cons i s t i n g o f a p i e c e o f s tee 1 rod . 
A s i mp l e s h r o u d d s s u r c: 1J i1 ~l d r o <.(y n d 1; 1 i c s t ab i 1 i t y . A co re ca t ch er was not 
used; soil did not slip out of the core barrel. 
T f 1 e corer no rn1 a 11 y was used w i th a core bar rel 1 . 1 m 1 on g , ha vi ng 
an inside clearance of 1.3%, an outside clearance of 0, area ratio of 
12t, and a cutting edge angle of about 10 deg. 
A gas-operated piston san1pler designed and built for the NGI Oslo-
fjorden Project was described briefly by Andresen et tl· (1965) and in 
detail in TR 13. The 1.8 m-long stainless steel core barrels had the 
sam;e clearance and area ratio as the shorter barrels, except that the 
inside clearance was 0.9%. Operation of the corer was by a charge of 
propellant burning like a cigarette in the propulsion unit to produce 
gas. The gas passed through an orifice behind the movable piston, 
which pushed the sampling tube past a fixed piston and out of the 
sampler. The gas pressure was self-adjusting to maintain a constant 
drive stroke because the rate of gas production was proportional to the 
pressure under.which the charge burned. The system was selected so that 
varying soil resistance ahead of and along the core barrel regulated the .. . 
' 
gas pressure by means of a feed-back mechanism. 
· The corer was operated by lowering it. to about 10 m above the _bottom 
. 
. 
and then varying the speed of the winch to emplace the corer to the 
desired depth. The method of determini_ng the depth of penetration is · · 
( 
,. .. ,, 
. ...... 
8 
,. 
tit, . 
' . ' 
·, ' 
.. 
.. 
I 
i 
,· 
.. 
• 
given fn T~ 13; depths below the water-soil interface are believed 
accurate to 0.1 m. 
The n1ethod of incremental sampling (TR 13) consisted of adjusting 
the de p th o f p e n c t r • a t i o n i n to the bot t o,m so th a t s u c ce s s i v e co res taken 
at the san:c 1 oc1-1 ti (Jn ridd O\/l~r I app 111,_i depth ranges. The surface one 
meter \t1as sarnp1ed by the gravit_y corer. 
Gravity and piston coring sites were chosen after completion of 
the bathymetric and sub-bottom profiling surveys by selecting locations 
at whict1 the underlying layers appeared to be within sampling depth. 
Ea c h n1 a j or b a s i n \i/ a s s a rn p l e d a n d on e or n1 ore g r a v i t y core tr a v er s e s 
were made across most basins (Fig. 2). Most of the piston cores at a 
boring site were raised when the ship was at anchor to minimize drift. 
The actual horizontal distance and azimuth that the ship moved from 
any one core site to the next was not detennined, but is believed to 
have been small. 
All cores were handled as carefully as possible to reduce post-
sampling disturbance. The gravity cores were capped with a heavy-duty 
rubber cap and kept upright until the ends were waxed. The piston cores 
were removed from the Torpedo sampler when it was horizontal on the deck 
of the ship before the ends of the core tube were capped and waxed. 
At the NGI, the cores were stored vertically, at a temperature of 
about 9° Cina high humidity core ref~igerator until tested • 
., 
,·, .. 
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LABORATORY METHODS 
Geotechnfcal 
The geotechnical testing consisted of: soil description; color 
de t e rn1 i n c1 t i c, n u s i n r_J t n e r o c k - c o l o r c h a r t d i s t r i Li u t 1-: d b _',' th e Ge o 1 o g i ca 1 
SOC i e t y O r J\n1 e r i Cd ; S pc~ C i f i C ~J r c1 V i Ly ; . . . . . l ~ r 1 , '\ - ~ · ~.. · ... ., , ; • • , · ""' \ / · f -, , - - -J.' T "" ·--,. .·-. ~- •• ,' ( n ,. i I ri . ) l 1- c: , 1 f r 1..1 ,, 1 , 1 1 c: L. t I L , > u \ 
C / 
• 
den s i t y • by u s e o f a rn i n i co re r ; ~" a t e r con ten t ; /, t t er be r g 1 i 111 i ts ~ n a tu r a 1 
and remolded shear strength by use of the Swedish fall cone and an 
unconfined compression machine; and consolidation tests. Later the 
sensitivity, the effective overburden stress, and the c/p ratio \t1ere 
calculated. Location of tests within a core is illustrated in Figure 3. 
Use of the fall cone apparatus (Hansbo, 1957) warrants particular 
mention. A special platform was constructed so that the tests could be 
made on the unextruded core laterally confined within the core tube. 
Three measurements of natural shear strength usually were made on each 
surface tested. After the natural shear strength was measured, 2.5 cm 
of core was extruded, thoroughly mixed in a small evaporation dish, 
and then, on a smoothed surface, immediately tested for remolded shear 
strength. An empirical NGI calibration was used to convert millimeters 
of fall-cone penetration into shear strength. Nonnally only penetrations 
between 5 and 15 mm were used. A very close correlation existed between 
values obtained using the 10 g-60° fall cone and the 60 g-60° fall cone 
on essentially identical core material. The correlation between values 
from the 60 g-60° and the 10~ g-30° fall cones was poor using the data 
from the NGI calibration ·curves. All· shear str~ngth data are plotted 
in the b~ring profiles. Measurements from each of the three different 
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fall cones are indicated by the use of unf que symbols (TR 13). In 
t;hese profiles. the discrepancy between values from the two heavier 
fall conr~s clearly c,Jn be observed in several of the cores. 
Fa11 cone snear strL1 nrJth nicasurt:nients on so:nc cores exhibited an 
unusually wide sea tter of data pcJ in ts.. It \•t1ds oL<; crv,!d ti,d t con'~ i dcr-
a b l e he t e ro gen e i t y ex i s t e d i n s u ch s a nip l es ~..,he n th e y \•1 e re re iii o l ci c J ,.., i th 
a finger. The nature of the heterogeneity was found to be soft soil 
filling tube-like structures in relatively stiffer soil adjacent to 
the structures. It ~,as hypothesized that rnany of the soils were highly 
b i o tu r b a t e d and th a t the tube s prob a b l y \•I ere the re rn n an ts o f po 1 y ch a et e 
worm tubes or burrows. The subsequent discovery and identification of 
polychaete tubes on the surface of a core confinned this hypothesis. 
Many of the tubes or burrows show faintly in the positive prints of 
X-radiographs (TR 13). The biogenic origin of the heterogeneity 
explained, it appeared unreasonable to average the individual fall cone 
measurements at a given stratum. A preferable method was developed, 
which is called the concept of minimum and maximum natural shear 
strength. This concept is that the greater the amount of bioturbation~ 
such as worm burrows or the like, the greater will be the variation in 
shear strength.measurements made on a volume of soil of sufficient size 
to show biogenically-produced· heterogeneity. The b~rrows o~ tubes 
. . 
" 
filled with soft clay containing a higher water content than the ~ 
surrounding soil have smaller shear strengths, while the soil adjacent 
to the tube or burrow has a relatively larger shear strengtn. The 
greater the :·degree of bi9turbation th.e greater the range of natural 
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shear strength values. Soils that exhibit little or no bfoturbatfon 
show a n a r r,ow range of n at u r a 1 she a r s t r c n y th . f, 1 i n e de t i n i n ·J the 
minimum measured natural shear strength results if the sn1allest values 
of n at u r,11 shear strength a re con nee ted in a profile of shear strength 
related to + i' ' C (' 1' '1 I I • + {') f"' ,· n t n .~ f· a C e l. / l C _) J - 11( d L. L L' I ' • A similar line 
conn e c t i n g th e in J x i n1 urn n a tu r a '1 s n ca r- s tr en CJ th v a 1 u es J t ca ch de~) th 
interval defines the prof i 1 e of maxi mum measured na tu ra 1 sh car strength. 
The degree of bfoturbation can be observed by noting the range of shear 
strength bet\·1een the minin1,urn and n1aximum profiles. The measured minimlln 
and rnaxirnun1 shear strength does not necessarily represent the true 
minimum and maximum strength of the soil. This is because the position 
of the three fall-cone tests at a given stratum does not necessarily 
coincide with the location of weakest or strongest soil in the core tube. 
Samples tested in the Geonor G-250 unconfined compression machine 
were carefully extruded from the core and the trinmed sample was placed 
in the unconfined machine without being touched by hand. The shear 
strength reported is 50% of the unconfined compression strength. The 
percent strain at failure is indicated on the boring profiles ·by a con-
ventional coded symbol {TR 13). The best tests showed failure occurring 
at 3% strain. ·These values usually coincided rather closely with values 
of the minimum natural shear strength measured by the fall cone. This 
fact indicates that~ generally good relationship exists between shear 
strength measured by the two methods. Disturbed samples u.sually failed 
at strains larger than 5%. Correspondence of these larger values of 
strain at failure to fall-cone values quite naturally is less good than 
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for the better unconfined test measurements. A comparison between fall 
cone, unconfined com,pression. and laboratory vane tests hJs been 1•• •·1· r' c··-. I. It «J . 
· by r 1 c1 a tc ( 196 5) ~ Vane and fa 11 cone ccxnpa r i sons a 1 so have been reported 
• 
by Ke s s l e r i:1 r; d S t i 1 c s ( ·1 9 6 8 ) a n d Kr a v i t z ( l 9 7 0 ) . 
T l, e-- c i 1 r ' c· .; ., ; '· , .; -t I ' I 1 .) • i . ) I I,... I V I L. J ' s., valur~~, 1r·1ert:· Cdlc;11i1ted by averaging all of L 
content at a given depth in the core arid dividing this value by the 
minin1urn rernolded fall-cone shear strength. When natural shear strength 
was 111 ea s u red by t,,, o d i ff e rent fa 11 cones , the res u 1 ts were taken from 
the cone rnost conn1only used above and belo\,1 the depth at which the 
different cone values were obtained. 
Geochemical 
Methods of gasometric and wet chemical analysis of calcium carbonate, 
organic carbon, and sulfide are discussed in detail in TR 13. Pore water 
chlorinity was deterrnined by electrical conductivity measurements made 
on filtered water expressed by a simple pneumatic squeezer; standards 
were based on Copenhagen sea water. The chlorinity values shown in the 
core profiles have been converted to salinity in the tables by the 
equation (Wooster et al., 1969): 
S = 1.80655 Cl 
where both the salinity, S, and the chlorinity, Cl. are in units of parts 
per thousand. 
Statistical Treatment·of·oata 
Almost all of the numerical data presented i.n TR 13 have been entered 
on magnetic tapes in the data bank of the Marine Geotechnical Laboratory; 
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they are also on file at the U.S. National Oceanographic Data Center 
fn Washington. In this study, these data have been nun1er·ically 
analyzed and graphically plotted by a CDC 6400 c~nputer linked to a 
Ca l corr p ~) 6 3 p l o t t L: r . S t a n d a rd s t a t i s t i c a l n, ea s u re s , corr e 1 a t i on stud f es 
be t,'i c e n t h e d i f f e r e n t p a r cii ; i C! t e r s , a n d l i n e a r r c ~; r (! s s ·i o n a n a 1 y s e s \ii ere 
detenni ned using the Lehigh University Cornputer Center's pro grain, 
LEAPS. together with a subroutine devised for this study. In the 
analyses of data for only the boring profile linear regression equations, 
the con1puter \•1as programmed to select variables fr001 a defined group 
and to reject values falling outside of the group. Values rejected 
never exceeded 2% of the total number of variables within a group. 
RESULTS • 
Introduction , 
It is not feasible to synthesize the voluminous Oslofjorden geo-
technical and geochemical data presented in TR 13 in one paper. 
Consequently, each of the four major basins lying on the north-south 
axis of the fjord are sunmarized in this paper and, within each area, 
·emphasis is placed on the one or two borings of greatest importance. 
The principal soil properties are considered separately, and emphasis 
is placed on changes occurring from north to south along the axis of 
the fjord. In this section, it is stressed that the numerical data 
presented in Tables 1-4 and in Table 6 are not directly comparable. 
Tables 1-4 sunmarize properties for all cores within each major basin. 
No data have been omitted. Table 6A-F sunvnarizes data only for th·~---
principal borings within a basiri~ 
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The soil thickness and acousticc1lly-definc'<1 stratigraphy are not 
lllphas1zed 1n this paper. r,evertheless, its an itid to corre1dt~r;; ·.ub-
bottom reflections from one basin to the next Table 7 has been included 
to sho'd t;~c· correlation proposed int.his paper and t,o reconcile the 
Se 1 e C •· [· ' ( • '. . ', .. 
. L c~ u .· , r t' d ~ 
.._,....._,_,. ,-,.. ·- - -·-- ---··~ .. 
fa_s_ t __ v~_s t f j_o.!:_d~n. - The 1 arges t basin east of S l enmes tad (Fig. 1) 
has an area of 5. 4 kni2 within the l 00 m confining con tour and a maxi mum 
reported depth of 164 m. The maximum BPS-X-detected sediment thickness 
of 2 9 n1 i n the n or th end of th e b a s i n th i n n e d to 2 3 - 2 4 rn i n the cent r a 1 
and so u th pa r ts • The to t a 1 s e d i r n e n t th i c k n es s to t r u e b a s e rn e n t i s 
uncertain. Two acoustic ref 1 ectors and an apparent II bas ei11en t" were 
detected at the north end, while only a single reflector and 11 basement" 
was observed in the central and south parts. The first reflector, 
occurring at a depth of 9-11 m, is dominant over the entire basin. 
Two gravity and one piston cores were raised from a location on the 
far western edge of the basin (Fig. 2). The silty, inorganic, CH clay 
of very high plasticity (Fig. 4) in the sampled locality generally is 
dark to medium dark greenish gray in color. An overconsolidation ratio 
of 1.1 at a depth of 4.27 m indicates the deposit is essentially nonnally 
consolidated. The coefficient of consolidation at this depth is 1.2 x 
10~6 m2/s. 
The surface 0.1 m geotechnical properties from core 19 {Fig. 5) 
are 40% clay-size fraction, liquid limit of 118, water content of 156 
,% dry weight, bulk density of 1.34 tons/m3, natural shear strength df 
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0.15 metric tons/m2• and a sensitivity of 4. Similar properties fn the 
duplicate core 20 (Fig. 5) showed a water content of 115t, a naturc.11 
shear strength of 0.67 t/1/, and changes in other properties. Both 
at a I • ' .~ a /}'')+ 'l (). L ~, L; I 
' ' Cf'(,•,r··, .. , 
.. ) i l , . .''IL u 
0.6 111. 
soft silty clay overlying hard brittle silty clay 
The :::art:e:d chdn~Jc ·in shear strength at this depth 
does no t appear to be u n i q u c l ~Y r c f 1 e c t e d i n o th c r pro pc rt i e s . 
The b or i n g prof i l e , ex tend i n g to a de p th o f 4 . 9 n1 , u n fort u n a t e 1 y 
has a h i a t us be t,,, e en O • 7 5 and 3 . 2 n1 ( Fi g • 5 ) . Cons e q u en t l y , th e s u rnn1 a ry 
of pr~oper~ties (Table 6A) and the regression lines presented later must 
be i n t e r p re t e d \·1 i th c au ti on . W i th re s p e ct to depth , cl a y-s i z e content 
remained nearly constant at 56%; bulk density s lov,ly increased from 
about 1.47 to 1.58 t/m3; water content decreased from almost 160 to 
less than 100% dry weight at 0.6 m and averaged about 80% at depths 
greater than 3.4 rn; shear strength averaged about 0.2-0.3 t/m2 to a 
depth of 0.4 m, below which it sharply increased to about 1.2 t/m2 in 
the brittle silty clay occurring at a depth of 0.7 m, from this depth 
to 3.2 ma hiatus occurred, and below this depth the shear strength 
remained nearly constant at 1.2 t/m2--except for a sharp increase at 
3.3 m; sensitivity averaged 5.8; c/p was less than about 0.6 at depths 
greater than 4 m; salinity and calcium carbonate remained essentially 
constant, having values of 33.6%0 and 1.21%, respectively; and the 
organic carbon showed a marked reduction from 1.4 to 0.8% at a depth 
of 0.7 m, below which it remained nearly constant. 
Table 6A lists linear ~egression equations of selected properties 
over the entire 4.9 -depth of the boring. 
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Pol lutf on f n the surff chl sediments is indicated by the high 
o rg a n i c c cl r b on con ten t ~ t h c l O'n ca 1 c 1 um carbon a t e con t c n t , \• h i ch 
prob a:11 y n: n cc tr; U1 l' d ,, c 1·c'<1 s cd productivity in the re 1 at i ve l y stagnant 
w a t e rs o f t h c f j o rd n () r- t h o f ~) r ~ ,,"'/.i a k ; a n d t h t~ ; 'i o 1 l ~' t e d o do r found to a 
depth of 0.4 n1. The thickness of the po'Ilut~d rela-
tively rapid rate of deposition at this site. In the core that 
exhibited the polluted odor, shells were not found in the polluted 
layer, al though pectin fragments were present below it. The core that 
did not smell of pollution contained abundant srnall shells throughout 
its length; Caco3 content in this core, ho1,,ever, 1'1'as only slightly 
higher than in the polluted core. 
Features resembling worm tubes were found between 3.5 and 3.9 m. 
Bioturbation, as represented by the difference between the profiles of 
shear strength minimum and maximum, is considered very small throughout 
the boring. The b~ttle layers between about 0.4-0.75 m and 3.2-3.6 m 
show a range of natural shear strength in the laboratory because of the 
behavior of brittle soil under test. This range of values is not to be 
interpreted as evidence for bioturbation using the concept of minimum 
and maximum shear strength presented earlier. 
One set of acoustic measurements were made at a depth of 4.55 m:. 
the axial value was 1.49 and the diametric value was 1.48 km/s. 
In this boring the shear strength values from the unconfined com-
pression tests are in remarkably good agreement with the minimum natural. 
. . 
shear strength values resulting from the fall-cone tests. Th-is is good 
evidence that unconfined tests of high quality (low strain at· failure) 
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closely coincid~ with the lowl'st values of shear strength measured by 
' 'l ' . I . . 
rfll c ''"f,'·'··.·'*'T'"' ;i '"' i :) \,. ' ' ' I I \ ' l L I I '.! ! ~ • t • ; • .· • p l' ~ , , .. . . l 1 • d Oil',~{ !,it .,dl:u :~ t rent.; t h • be c au s e 
of soil he tcrogene i ty at the Sdrne depth interval. 
Other geotechnical properties within the basin, which was 
sampled only by the boring, are given in Table 1. 
Djunrcnna. - This basin in Dr.-~bak Sound, \'t'est of Hvitsten, has 
...... ~----~---
an area of 11.4 kn/ within the confining 150 :;; contour, a sill depth 
at the no rt h end of l 9 n1 and a t the s o u th end o f 1 0 4 rn , and a rn ax i li1 um 
water depth of 225 m (TR 13). The maximum sedir11ent thickness in 
Djuprenna detected from the BPS-X profiles was about 26 mat the north 
end, 24 min the center, and greater than 22 mat the south end. A 
seismic reflection survey indicated a 150 n1 sediment thickness to bed-
rock (TR 13; 0fsthus, 1966). Three principal acoustic reflectors, two 
strong and one weak, occur in the first 26 m. The depth to the first 
reflector, which was not prominent in the north end, was 8 min the 
north, 4 min the center, and about 4 min the south. The depth to 
the next reflector, which was prominent throughout the basin, was 12-13 m 
in the north, 11 min the center, and 10-13 min the south. 
The silty, inorganic, CH clay of very high plasticity (Fig. 4) in 
the basin was predominantly dark greenish gray in color. An overcon-
solidation ratio of 1.2 at 3.89 m and 1.0 at 6.87 m indicates that the 
deposit is es·sentially nonnally consolidated. The coefficient of 
consolidation for both depths is about 1.8 x 10-6 m2/s. The constructed 
sedimentation-compression e log p curve and.the virgin compression curve 
constructed from the oedometer e log p curve are remarkably similar 
18 
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(dat, reported in TR 13). The canpression index for both e 109 p 
curves is appr·oximately 1.2 over the range of effective overburden 
s tr es s • p or a • be tween O . 0 l and near 1 y 1 0 t / n12 .. Th i s re l a t i on sh i p V 
is further substantiation for conditions of norrnal consolidation over 
th e s o i l d e ; ) t t i '; ~,; a : . ·. ; :1 1 c d i n t . . / ' .·) .· 1 t •• n '.I ' • r •. , •· ('.) 1 ... IL U ~. -.... . r, ll L . 
. 
of the hi:1sin .. ,'\ surface 
1 ayer , ab o u t O . 0 5 rn th i c k » a t th c s ·i t c: o f the pr· ·i n c i pa l 
du s k y ye l l ow -b r o \tin a n d t1 ad th e f o 1 1 o,,, i n g ch a r a c t c r i s t i c s : h' a t er content 
207% dry weight, liquid limit 132 and plasticity index 92, natural 
shear s tr en gt h l es s than O . 1 tons / n1 2 ( rn ea s u red at the s u r fa c e of a core 
th a t h ad n o t had the top \11 axed and ha d b e en kept v er t i ca 1 fr om the ti me 
i t was co 1 1 e c t e d to the ti rn e i t was t e s t e d ) , a n d s en s i t i v i t y ab o u t 4 . 
Table 2 surrrnarizes geotechni cal and geochen1i cal properties for the 
10 cores raised from Djuprenna (Fig. 2). One boring consisting of one 
gravity and three piston cores was made to a depth of 7.2 m (Fig. 68) 
This boring could be characterized by the percent clay-size material 
being relatively constant about 67%; the bulk density increasing slightly 
from 1.3 tons/m3 at the surface to 1.5 tons/m3 at 5 m, at which depth 
the value remained unchanged with increasing depth; the water content 
and the liquid limit both decreasing from the surface to about 90% at 
a depth of 3 m,. below which they remained the same; the natural shear 
strength gradually increasing to about 1.6 tons/m2 at 7.2 m and showing 
a limited effect of bioturbation; the sensitivity averaged 7.4; the 
c/p remaining essentially constant at 0.5 below a depth of about 4 m; 
and geochemical parameters are given in Table 68. Linear· regr~ssion 
equations of selected properties, obtained over the entire 7.2 m of the 
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boring. also are presented in Table 68. 
Special features of the borir,g were the presence of up to 0.1% 
"" dry weight of sulfide in the top 0.7 111, and in barely detectable 
quantities at greater depths; a shelly layer at 0.7 to l m; unusually 
ha rd d n d b r i t t 1 e c 1 a y h a v i n g ab u n d a n t \11 o r111 tubes f i l 1 e d w i th soft c 1 ay 
a t a d e p th o f 2 • 9 to 3 . 1  5 n1 ; a 1 a y e r o f so f t c l a}' b e t ·de: c n 3 . 4 5 and 3 . 5 5 
m; and a lens of hard sand, silt, and clay at a depth of about 3.55-
3.65 m (about 3.3 rn in duplicate core 18 -- TR 13). The brittleness 
causes the clay to fracture along randomly-oriented failure planes in 
the labot'atory after it had been extruded fron1 the core tube. The 
brittle character of the clay appears similar to that described for 
Bangkok clay (Eide, 1967). Acoustic measureme~ts made at depths of 
about 3. l, 6.2, and 7. l m yielded axial sound speeds of 1.46, 1.49, 
and 1.47 km/s, and diametric sound speeds of 1.50, 1.51, and 1.52 km/s, 
respectively. At a depth interval of 5.6-5.9 m, a carbon 14 age date 
on organic carbon was 6,055! years B.P. and on carbonate (less reliable) 
7,600±1,200 years B.P. 
The carbon 14 age date of 6,055 B.P. occurring at an average 
measured depth of 5.75 m pennits an estjmate of the true sedimentary 
thickness and a rate of sedimentation based on this thickness to be 
calculated according to the Hamilton (1959} method. The present surface 
water content at a depth of 0-0.02 mis 207% dry weight, and the grain 
. 
specific gravity is about 2.·1a. Thus the initial void rati.o is about 
5.63. Assuming this void ratio to be typical of surface conditions over 
the 6,055 year .. period, then the reconstructed true thickness of sedimen; 
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having the same water content 1s calculated to be 9.56 r:1. which 
represents a rate of seditr(!ntatiori of 1.~a rn/1000, if the rate of 
sedimentation were continuous over the 6,055 years. 
Sket·.;1ton (197D) exarnined prel irainary data on the Ojuprenna boring 
rnade the pub1ication of He ascribed 
have resulted from a turbidity current. 
(Fi~;. 6) to 
He considered a t·,i:J i cal rate 
- t 
of deposition to be 80 cm/1000 years, after an allowance had been made 
for co n s o l i d a t i on , bas e d on ca r b on 1 4 d a t es fr an bo th the D j up re n n a and 
Rau¢yrcnna borings. Our analysis of the data indicate alternative 
i n t er pre ta t i on s . S k e n1 p ton ' s r a t e of de po s i t i on a pp ea rs to be u n exp 1 a i n-
ab l y low. In the absence of graded bedding, typical of turbidites 
deposited by turbidity currents, the probability of a turbidity current 
origin for the hard layer of sand-silt-clay is very low. A preferable 
explanation is that the layer formed as a result of a slump in shallow 
water, or possibly from land into the fjord; in either case the mechanism 
probably would have been similar to that of flow slides in other 
Norwegian fjords (Andresen and Bjerrum, 1967; Bjerrum, 1971). Still 
another possibility is that the sand was concentrated in the deep 
111 
Djuprenna depression following a jokulhlaup or glacier outburst flood 
from the margin of the ablating glacier well north of Dr~bak. Settling 
out of the fine glacial flour follow·ing the jokulhlaup could account for 
the O. l m layer of soft clay havi~g a low plasticity index above the 
sand-silt-clay layer. The cause of the brittleness of the overlying clay 
is unknown. It may be .. related to the a.bundance of worm-like burrows or 
' . 
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tubes. or due to some other cause. 
Adjacent to the deeper parts of the basin, in water depths of 
less than 100 1n, dark greenish gray clayey sand containing shell frag-
men t s ·,.,· c1 s t h c d or 11 i n a n t s c d i 1:. e n t type i n the l i rn i t e d a re a s s a;n p 1 e d ; 
characteristics are report~d in TH 13 .. Gravit_y core n,1 (f.i~J. 2), 
col l e c t e d fro n1 a d e p th o f 9 8 rn , c on ta i n e d µ o 1 _y c h a e t e \·Io r n1 tu b es , of 
unknO\'f'n genus and s pee i es and up to 4 n,n in di arne ter TR 1 3, at the 
surface of the core .. This core had not been waxed and t,ad been trans-
ported to the laboratory in a vertical position. The discovery of 
these a gg 1 u ti na ted worrn tubes is considered proof that heterogeneity 
assumed to be of polychaete origin from observations by X-rays and by 
sample remolding at depth in this and other cores in the Oslofjorden 
was actually of polychaete origin. It is further considered that the 
hypothesis of minimum and maximum shear strength is correctly ascribed 
to the remains of biogenic activity in the soils sampled. 
Geotechnical data averaged for the basin are given in Table 2. 
~a.?..tb.9.J~.tt..!.. - A series of cores and a deep boring were made 
between northeast Horten and Jel~ya at the north end of the Bast~ydjupet, 
the principal basin east of the island of Bast~y. This basin has an 
area of 15.5 km2 within the 200 m confining contour, a sill depth at the 
north end that is uncertain and at the south end of 198 m, and a maximum 
water depth of 302 m (TR 13}. 
In the north and south ends of the basin the BPS-X profiles indicate 
a sediment thickness of about 32 m, while in the central ·part only 17 m 
was measured. Seismic reflection and refraction surveys at the north 
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end of this basin showed a sedirr.ent thickness. of about 20-60 m to the 
first major reflector, which is bc1 ieved b)' Df:;thus (i96G. ·;H 13) to 
represent basement. 
Four acoustic reflectors in the north and south ends of lhe basfn 
and three in ~tie c,?nt(d 1 part appear on the GPS-X profiles. the depth 
to the first reflector, 1,iihich h!as ;riost ;)ro:,,;inent. \•,'as estir11ated to be 
13 m in the north, 9 m in the center, and 10 rn in the south part of 
Bast~ydjupet. 
Table 3 sunmarizes the geotechnical and geochemical properties 
of five gravity and piston cores, including one duplicate, raised in 
the primary boring and six gravity cores collected along a traverse 
nonnal to the axis of the fjord (Fig. 2). Properties of Bast¢ydjupet 
soils are entirely based on the cores taken at the extreme north end 
of the basin. 
The silty, inorganic, CH-type clay of high plasticity in the basin 
is colored predominantly dark greenish gray. Overconsolidation ratios 
of 2.0 at a depth of 2.6 m, l.O at 5.74 m, and 0.8 at 6.57 m indicate 
that the deposit shows evidence for overconsolidation above about 5.7 m 
\ 
--
.,-' and slight apparent underconsolidation below this depth. The geological 
evidence indicates that the entire deposit is nonnally consolidated. 
The coefficient of consolidation is, respectively, 0.84 and 2.4 x 
10-6 m2/s for the 2.67 and 5.74 m depths. Sedimentation-compression 
e log p curves were not calculated for soils in this basin. The 
surface O. l m of the principal boring (Fig. 7) was olive gray in color 
and had the following·characteristics: ·clay fraction 60-75%; water 
,, 
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content 138-150'1 dry weight; liquid limtt 120; plasticity index 77. 
natural shear strength about 0.25 t/m2, and scn~itivfty about 5. 
P r op e r t _l c h a n ~j e ,,{ i t h d r1 p t h i n the 6 . 9 rn d cc p b or i n g was as f o 11 ows : 
c 1 ay fr d ct i o :1 ·,,,· d s '-I: • ,· .. "' .·") ··"If' r·") " ''· "\ ., t ~. , · .. ·' ·r ~ : ' ' . ·' · .. , .• ' • . r' f - ,, t · 'J " 1 · .• , • ' Li .1 •• 
, (.' '· • I J - U l l .:,i ·~ d I '" d l -) ! - / v' 'a' , •·' · i t. 
f ro!i·.n a J., 0 u··'· • .. · l . Jt. .. •. 0 l . , .. ·- t / r-1·1· Jr .• / u "' .,, : .J ·• o v c r the f i r '.; t t~ c t e r ; ,! n d th l: n 
increased 
1• · · ., • · ' r 1 f , c' t!111d f .: J 
"'"\ 
nearly constant about 1.55 t/01" \•.rith increasing depth; \;rater content 
decreased to about 80% dry weight at a depth of about a meter, and 
then remained between 60 and 80% with increasing depth; at depth 
gr ea t c r th c1 n cJ pp r ox i ma t e l y one - ha l f n1 e t e r the l i q u i d 1 i r11 i t be c an1 e 1 es s 
th a n th e \1/ a t e r co n ten t and the p l a s t i c i t y i n d ex r a n g e d b e t \'I e e n a b o u t 
50-60; shear strength increased to a maximum of about 2.5 t/m2 at a 
depth of 1.9 m and then remained between about 1.4 and 2.4 t/m2 with 
increasing depth; sensitivity averaged about 4.8; c/p \vas less than 
about 0.5 at depths greater than 5 m; salinity remained nearly constant 
at 35 %0; a trace of sulfide was measured in the upper 0.7 m of the 
boring--e1sewhere specks were observed but less than about 0.01% dry 
weight; organic carbon remained nearly constant about 0.6-0.8% with 
depth; calcium carbonate ranged between 3-4% to a depth of about 5 m, 
below which it increased to 5%. Linear regression equations of selected 
properties, obtained over the entire 6.9 m boring depth, are presented 
in Table 6C. 
Special features of the boring were the presence of slightly 
fissured clay below a depth of about l m; open voids were reported and, 
in one case, the void was filled with soft clay having 80% grain-size 
less than 2 µm and a water content of about 130%--substantially above 
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the water content of 80% for adjacent silty clay. The bulk density 
meas u reJne n ts we re very d i f f i cu l t to 1n t1 k e i n the f i s sured c l a J , a n d 
reported values (Fig. 7) are believed low. Unconfined compression 
tests also \•1ere difficult, and the values are erratic compared to the 
• - • "' r .. l 
ml n 1 n1 u 1~i n (·1 tu r" a I s t , .. c: n iJ t n ;, r C) f 1 e .. 
8 i o tu r b a t i o n a t t h i s s ·i t c \•1 a s s rn a l 1 , b a s e d o n th e f e \'I wo r n1 tubes 
observed and the range of fall-cone shear strength probably resulted 
from the heterogeneous strength caused by the fissured nature of the 
so i l r a the r t f 1 a n fro n, b i o tu r b a t i on . 
Acoustic n1easurenients rnade at a depth of 6.8 m showed an axial 
sound s p e e d of 1 . 5 2 k rn / s and a d i a rn et r i c v e 1 o c i t y o f 1 . 5 5 kn1 / s • 
The overlapping by 0.85 m of the two lowest piston cores provide 
an interesting example of the variation between two cores collected 
nearly at the same location of all properties except grain size. The 
clay fraction was measured only on a single core and the measurements 
were replicated (REP. in Fig. 7) to obtain an estimate of the repeat-
ability of the falling-drop method of grain size determination. Results 
appear in Figure 7. 
The east and the central gravity cores (57 and 59 in Fig. 2) of the 
traverse across the basin showed generally similar properties, except 
that they were coarser grained. Core 79, at the west side of the fjord 
near Horten, was appreciably different. This 0.3-m-long core was of 
dark greenish gray clayey silt. The 0-0.05 m depth ·consisted of soft 
clayey sil.t having a water content of 140% dry weight and a shear . 
strength of 0.2 t/m2. Below this depth, very hard clay silt was found 
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having a water content of 40-451. a liquid limit of almost 60%, 
a p1astic1 ty index of 33. ') _'\ fl cJ' '.l f_ ,. ~ ,-l .I f" ! .. _- f ,~ ( • f i, { > ' i. {', { ._,_ < __ J •_· . ,1 '·'", ( U (. .J i ~ , i..J . .J L . I I t l.. , , , J , •-· • ,. l : , ' , depth 
of O. 15 ,n. The 1 Q1tier 1 ayer presun1ab l y is ove rcons o 1 i da tcd. al though 
the reason for this is unknown. The salinity. calcium carbonate, and 
or g a n i c c a r Li o n c o n tr: n t s h o 11" v e r y 1 i t t l e c h c1 n g e w i th de p th • Tab 1 e 3 
Rau~iyrcnna. - The largest basin of a11 Oslofjor--den, Rau¢yrenna 
---:.=J-·----
has an area of 43.6 km 2 within the 200 m confining contour shown in 
Figure l (which does not include the south end of the basin), a sill 
depth at the north end of 198 rn and, at the south end, a sill having 
a depth between 120-125 m ( Ho l tedah l , 1940) , 1 oca ted sou th of the 
study area, and a maximum water depth of 369 m within the study area 
( TR 13). 
Sub-bottom BPS-X profiles showed a sediment thickness of 23 mat 
the north end of the basin and about 32 min the central part; measure-
ments were not made at the south end. A seismic refraction profile at 
the north end showed a sediment thickness to bedrock of about 23 min 
water depths greater than 250 m. Three to four acoustic reflectors were 
identified from the BPS-X echograms. The most prominent reflector was 
the third one located at a depth of 23 min both the north end central 
parts of the basin. At a site east of the deep site, the seismic 
reflection record indicated a sediment thickness of 40 mat a water 
depth of 175 m. Acoustic reflector.depths were not detennined at this 
location • 
, Two borings were made at the extreme north end of the Rau~yrenna. 
One,· cdnsisting of five cores, penetrated to a depth ~f 5.9 mat a site· 
26 
·"' 
'~ i. 
' -
• 
. . 
........... 
located on the axis of the fjord, west of the island of Eld,Sya, in a 
water depth of about 250 m (Fig. 8). This boring is abbreviated RD, 
The second. consisting of four cores. penetrated 
('.' ,, ' <! h ) .·. ('. ... ~· · • · '1 ,. , • ., f . . £"' d ~·~ u L, ... , i c d _, L. t,, L n c , J o r . 
ax i s Jll' e s t o f t;, c i s l and o f S l e t t c r S t . • a n d 2 . 7 kr·. s u u ~ i i c, f ;.: D , i n a 
water depth of 66 m (Fig. 9). This second boring is abbreviated RS, 
for Rau¢yrenna-Shallow. An overconsolidation ratio of l.l at a depth 
of 5 . 3 2 rn f o r i{ J a n d l . 0 a t a depth o f 5 . 8 7 n1 for RS i n d i ca t es th a t 
b o t h ci e i) o s i t s a re n o r; ii a l 1 y c on s o l i ci a t c d . /, c o c ff i c i c n t o f con s o l i d a t i on 
' 
of 3.9 x 10- 6 rn 2/s was found for RO and 8.2 x 10-6 m2/s for RS at the 
depths given above. 
The two borings are distinctly different (Figs. 8 and 9), as can 
be seen from a comparison of selected geotechnical and geochemical 
properties (Tables 60 and 6E ). Boring RD is in a predominantly olive 
gray, silty, slightly inorganic, CH-type clay of high plasticity (Fig. 4). 
Boring RS is in a predominantly medium dark to dark greenish gray, 
CL-type, slightly sandy, highly inorganic, clayey silt and silty clay 
of medium plasticity (Fig. 4); quick clay occurs in this boring. In 
the following descriptions, RS values are enclosed in parentheses. 
In the surface 0-0. l m interval, both RD and RS are composed of soft 
silty clay; the clay-size fraction of RD is about 55% (30%), while RD 
has a negligible size-size fraction RS has about 45%; RD bulk density 
is about 1.4 t/m3 (1.5); RD water content is greater than 125% dry 
weight (85%); RD liquid limit is about 135.(65) and the plasticity 
index is 84 (44); RD shear strength is about~.4 t/m2 (0.2} with a 
sensitivity of 2 (4). 
',. 
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The change of pr,opert 1 es with respect to depth 1 s characterized 
by linear regression equations and averages listed in Table 60 for RO 
and Table 6E for RS. Features of particular note include the fact 
th a t t h tl P J ··rd t c ,.. c o n t en t i s l c s s th a n the 1 i q u i d l i 111 i t th r o u g ho u t 
the de p t h O f th C b O r i n (J \•,r h i 1 C t h e l,. Cl / ·1 '· 1 t' • ' ~ ', () ,. . t .,.. -~ I • , \. -~ 
At de p th s g re a t e r th a n 2 . 5 111 , th e 9 r a i n - s i z c fr a c t i on o f r\ D a n d H S 
is similar, while the plasticity index for RS is about half that of 
RD. Both natural and rernolded shear strength are substantially less 
for RS than for RD. The average sensitivity for RD is about 3.7, 
con1pared to 10.7 for RS. In the RS boring, quick clay having a sensi-
t i vi ty gr ea t er th a n 1 5 ( and ab i 1 i t y to f 1 01r, l i k e water i n the r en1 o l de d 
state) occurs at depths of about 3.8-4.2 and 4.7-5.7 m (core 42, but 
not core 44, which contained slightly brittle silty clay). RD c/p is 
·about 0.5 at depths greater than 5 m, while RS c/p is less than 0.5 
at depths between 2.5 and 4.5 m and averaged about 0.3 at depths 
greater than 4.5 m. The organic carbon content of RS is unusually low; 
less than 0.2%, compared to RD having an average Oslofjorden value of 
about 0.7%. The unusually high sensitities and quick-clay properties 
appears to be correlated with the unusually low organic carbon content 
in these clays ·having pore water containing a nonnal salinity. Calcium 
carbonate values for RD are about 5.8 (3.9). Acoustic properties at 
about the same depth of 5.6 mare RD axial sound spe~d 1.47 kfu/s 
(1.58). Both RD and RS borings show minimum effects of bioturbation. 
Soil from both borings was age dated by the radiocarbon method_. 
At an average depth of 5.5 m for Rau~yrenna~deep, the carbon 14 date 
' ' 
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on organic carbon was 9,460 ! 335 BP and on cafbonate (less reliable) 
"'l ' ,. ~ ~ 17,000 • 60,Q OP. 1 ·11c ,,,.,, f"fd. r· l ' I· I ;I, .•. • 
• • t ,1 J.I J . ; , , , , ~, , , q i I t J t't t 
the da tc on organic car·bon was 9ret1 te r than 11 • 900 OP J nd on carbonate 
{less r·,: 1 ; ab 1 e} greater than 34,000 BP. The ca lcu 1 a ted average rate 
v o i d r a t i o of 3 • 8 9 . For f~ S the c o;n pa r ab l e r a t e bas e d on th e qr e a t c r 
than 11 , 9 0 0 8 P d a t e i s 1 es s than 6 3 c n1/ 1 00 0 ye a rs , based on a ca 1 cu -
lated sedir11entary thickness of 7.44 m and an initial void ratio of 
2.38. These rates of deposition appear reasonable because the greater 
rate occurs on the axis of the basin while the lesser rate is for the 
flank of the basin in much shallower water. The 63 cm/1000 years for 
the basin may be low, however, because the location dated is at the 
extreme north end of Rau¢yrenna rather than at the center, which would 
be expected to have a rate higher by an unknown magnitude. The 
significance of the ages will be discussed later. 
For site Rau~yrenna-deep, using data from TR 13, the constructed 
sedimentation-compression e log p curve and the virgin compression curve 
constructed from the oedometer e log p curve have slopes that are 
dissimilar at an effective overburden stress, p or av, of less than 
about 0.2 t/m2. The slopes are similar at stresses greater than about 
0.2 t/m2, and the compression index for both is approximately.p.5 
between 0.2 and about 5 t/m2• The 0.2 t/m2 stress corresponds to a 
depth of about 0.5 m. These data, the relation of c/p (Fig. 8), and 
the overconsolidation ratio _data, suggest that the RD deposits at the 
29 
.. 
. 
. . 
'·-~· .-· ··.·. 
locality of the boring show a high degree of apparent underconsoli-
dation at depths less than 0.5 m; an intennediate condition of 
1 mp end i n g no r;n a l cons o l i d a t i on be t we c n O . 5 rn and a d c p th th a t i s not 
uniquel~l identifiable in th(· data presented~ and norir~al consolidation 
be l o ,,, t h e l a t t c r d c p t h 1 \ 11 h ; ch <l p p ea rs to be ab o u t ,-J rn. 
For site Rau¢yrenna-sha l lo,.,,, using data f ron1 TR 13. a virgin 
compression curve eye-fitted to the sedimentation-compression e log~ 
curve had a con1p res s ion index of l. 4 at an effective overburden stress 
of 1 e s s th a n a b o u t 1 -2 t / rn 2 ( 1 . 5- 3 m ) , co r11 p a red to a v a 1 u e o f O . 8 f r om 
an extrapolated virgin compression curve constructed froin an oedo;neter 
e log~ curve. The two virgin compression curves were very similar 
over the ~tress range of 1-10 t/m2, although the sedimentation-
compression curve data points exhibited an unusually large amount of 
scatter. Between overburden stresses of about 0.05 (effectively the 
surface) and 0.5 t/m2 (0.5 m), values of void ratio between about l 
and 2.5 for the sedimentation-compression curve occurred at overburden 
stresses that were lower by an order of magnitude than the extrapolated 
virgin compression. curve from the oedometer test. These data indicate 
that at depths of less than about 0.5 m, the consolidation behavior, 
or change in water content with respect to depth, of the RS deposit 
has a consolidation index of 1.4 and is correctly defined by a sedimen-
tation-compression e log p curve. Normal consolidation does not occur 
between the~depths of 0.5 m and some dept~ between land l.9 m 
(undefined because of a hiatus in the boring}. Over this depth range 
.. 
the void ratio rapidly increases from 1.1 to 1.8, because of a 
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corresponding increase fn the clay-size fraction. Only at depths 
greater than 1-2 m does norn1al consolidation rcsurne. folJo:,trin~; d new 
compression index of about 0.8, which can be approxfrnated by both 
the scc!ir:er~tatior',-ccr7'.;)rt~s:;ion and ocdonM?ter e log p virgin curves. 
r' .• t· ' 
o 1 '+ ~) n1 o n t n e 
we s t s i de o f the Rau¢ y re n n a , \'I e s t o f H D ( F i g . 2 ) . /\ l i t t 1 e q r av e 1 
and lumpy silty clay -- finer grained than in RD -- was found from 
I 0-0. 35 n1. Lun1py clay occurred from 0. 35 to 0. 75 m, bela.,,, which there 
was hon1ogeneous silty c 1 ay. The co 1 or throughout was dark greenish 
gray. The soft layer overlying hard silty clay occurring in comparable 
water depths in Bast¢ydjupet was not found. However, in core 45, 
from a water depth of 140 m east of RD, soft silty clay overlying hard 
silty clay was found at a depth of 0.2 m. A comparison of properties 
is given in TR 13. 
Gravity core 72 was raised from a water depth of 342 min the 
central axis of Rau~yrenna towards the south end of this basin (Fig. 2). 
Properties compared to RD, from the axis at the north end of Rau~yrenna, 
show the following: the olive gray layer from 0-0.3 min RD had 
diminished to 0-0.02 min core 72, below which the dark greenish gray 
silty clay had nearly an identical clay-size fraction; the RD water 
content ranged from about 125 to less than 100% dry weight from Oto 
D~B m for RD, while for core 72 the range was from 200 to 140%; RD 
and core 72 liquid limits were not greatly different, while the 
plasticity index of core 72 was higher by about 10 percentage points; 
natural shear strength in core 72 ranged from 0.2 to almost 0.4 t/m2· 
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between O and 0.8 m. wt1ile RD value~ were appreciably hfgher; sens1-
tivitic~. :.tl1initics. and 
and ca 1 c i um ca r bona t e we re d i s t i n c t 1 y 1 oi;" c r t ihJ n t he v a i u (f s i n co re 
7 2 • w h i ch s h O\" c d organ i c ca rbo n de c rea s i n g from ab ou t 2 . 3 to 1 . l i and 
Ca 1 C i u ": C c1 r r., on d t e 1· e :r, c'l i n i n q n e a r 1 y CO n S tan t a t a Va 1 U e Of ab OU t 7 . 5 % 
Over .. t;1° ("'- 1J··· \) ·,1 c·ji··. ·1 ··h ·r~ if'r 1 n i..,.; ) , . • l .I , 1 , ~ • V l, ! I ( , i · • \, • 
• 
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Geotechnical properties for the north Rau¢yrenna basin, excluding 
core 72 (Fig. 2), are given in Table 4. 
' 
Selected Properties 
!:!_i~c!~a_l_o~. - Mourn (TR 13) considered that the predominant 
mi n er a 1 o g y ~·1 as s i rn i l a r o f 3 8 s a;n p 1 es s tu d i e d by X - ray di ff r act an et ry 
from the Os 1 of jorden and the Drarns f jorden. The average cornpos i ti on 
was hydrous micas 20%, quartz 25%, feldspars 20%, chlorites 15%, and 
other minerals 10%. Mourn found that the principal clay minerals were 
hydrous mica and chlorite, while the principal non-clay minerals were 
quartz and feldspar. Most of the samples contained hornblende, 
calcite, and montmorillonite. 
£l~.:..s_iz~£.r~c!_i.Q.n. - The average clay size fraction in the five 
major borings from the four basins is 60%, compared to an Oslofjorden 
Project average (Table 5) of 55% for all cores. With respect to depth, 
the average profile of the clay-size fraction shows a small positive 
slope for all borings except Bast~ydjupet, which has a small negative 
slope, and Rau~yrenna-shallow, which has a large positive slope that 
is substantially different from the others. 
·~. 
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When all of the data fro111 cores within a basin have been averaged, 
the follo·u~nt .. t .,11y~rJ'(.'fl·l (""l·1··.)1_t:;',"(i •·,·1{·•t."·.t:, ··1··, •I*,,-•,, 
" I ., g ~~· J ,_ {, ,,:, I '" ' i ~~ ~. \.. i u I • ; / ( ' , ... t ' . J ,,. ' l .! ' ' ,.. ' ' • ,· "., ',,.,.J I.·. ,··1,, I , I t; i,,1 1 . J d I (J .· '· f the 
axis of the fjord: 55 in East Vestfjorden and Djuprenna bJsins, 62 in 
north Bast~ydjupet basin, and 58 in north Rau~yrenna basin. 
!3.uJ_k_:i.,1;_'.;_ i ty _._, - The average bulk density in the five major borings 
1 S l . 5 :; .. I ... 3 .., \..i,l) h!hich is identica1 to tne average for al 1 of the Oslofjorden 
Project cores (Table 5). \,J i t h r C S p C C t t 0 the bulk density 
profiles show a positive slope for all borings. 
When all of the data from cores within a basin have been averaged, 
the f o l l 0-·1 i n g a v er age b u l k dens i t y i n t/ m 3 i s found a 1 on g the ax i s of 
the fjord: 1.46 in East Vestfjorden basin, 1.48 in Djuprenna basin, 
1.56 in north Bast¢ydjupet basin, and l .63 in north Rau¢yrenna basin. 
Water Content. - The average water content in the five major ._ ________ ___ 
borings is 84% dry weight, compared to an Oslofjorden Project average 
of 86% for all cores (Table 5). With respect to depth, the water-
content linear regression lines (Table 6) show a negative slope for 
all borings (Fig. lOA). 
Along the axis of the fjord, the relationships among the boring 
){ . 
regression lines show that t~e water content is greatest at the 
Ojuprenna site, less at the East Vestfjorden site, and not significantly 
different at the Bast¢ydjupet and Rau~yrenna sites. The Rau¢yrenna-
shallow site had substantially less water content compared to the other 
sites.· When all of the data from the cores within a basin have been 
averaged, the following average water content in percent dry weight is 
found along the axis of the fjord: 104 in East Vestfjorden basin, 
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105 fn Ojuprenna basin, 82 1n north Bast~ydjupet basin. and 67 in 
north Raudyrenna basin. 
~ t ! c r. bf r !J. .! i !!! i ! s .!. ... A p 1 as t 1 c i ty ch art ( Fi g . 4 ) 1 dent f f i es each 
of the n1ajor borings and al 1 of the re111aining Oslofjorden Project core 
S a _..., 'J 1 j, (.' .{: 0 r" l I ' t1 .: l--. t' Id~ \..c) I II, i_,I ci a ta 
A line and extend over 
The data plot above the 
' ~ "1 a n u n u s u d j 1 'l I d r n c 
,,,/ . ," liquid ·ri1:its and 
p 1 a s ti c i t y i n dexes .. The e q u a t i on f o r a 11 o f the f i v e n1 a j or b o r i n g s i s : 
Ip= -9.379 + 0.740 WL • 
while the equation for all Oslofjorden Project cores is: 
Ip =-11.036 + 0.751 wl . 
The average liquid limit in the five major borings is 83, compared 
to an Oslofjorden Project average (Table 5) of 80 for all cores. The 
average plasticity index in the five borings is 52, compared to 49 for 
all of the Oslofjorden cores. With respect to depth, the average profile 
of plasticity index shows a negative slope for all of the borings. 
When all of the data from cores within a basin have been averaged 
the following average plasticity index is found along the axis of the 
fjord: 60 in East Vestfjorden basin, 58 in Djuprenna basin, 54 in 
Bast~ydjupet oasin, and 42 in Rau~yrenna basin. 
ih~ar_~tr.e.!!.9!h.!. - Tfte.average maximum shear strength in the five 
major borings is 1.2 t/m2, compared to an Oslofjorden Project average 
(Table 5) of 1.0 t/m2• With respect to depth, the shear strength 
regression lines show a moderate positive slope for all of the borings 
(Fig. 108). 
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A 1 on9 the Ax f s of the fjord, the rel ,Hi ons hips among the borf ng 
ti: ' • {. , ~ t , ' • ' • •. ~ ,-.. • .. , : i. • •,•. rt ' . ;., ,... C e: t I l '- , t ~ • •,. • I , l .. • t 1 l ·, i ~I, I i , 
relationship for Rau~yrenna is best indicated by referring to Figure 108. 
When f 1 ~ l o f t h e d d t d f r cH:1 c ores \tj i t h i n a b a s i n ha v e been a v er aged , 
. h f .. .. . t e o 1 1 c ,.,, 1 n (; ii v c:r- <1 9 e s tw a r ,; tr' e , ; (; t fl i n t / m 2 i s f o u n d a 1 on g the a x i s 
of t he f j o rd : 0 . 9 i n b o th Ea s t '/ e s t f ,j CJ rd e n a n d D j u ;j re n n a b a s i n s , l . 5 
in Bast~ydjupet basin, and 1.1 in Rau¢yrenna basin. 
ie!!.sitJ..vitz. - The average sensitivity in the five major borings 
is 6.4, compared to an Oslofjorden Project average (Table 5) of 7.2. 
With respect to depth, the avera9e prof·i le of sens i ti vi ty shoi,.,s a 
variable relationship. A small negative slope exists for the Djuprenna 
and Bast~ydjupet borings, and a small positive slope exists for the 
East Vestfjorden and Rau~yrenna-deep borings. 
When all of the data from cores within a basin have been averaged, 
the following average sensitivity is found along the axis of the fjord: 
5.8 in East Vestfjorden basin, 6.2 in Djuprenna basin, 5.4 in 
Bast~ydjupet basin, and 7.2 in Rau~yrenna basin. 
Qr.9.a!!_i.£ s..ar_b_q_n.!.. - The average organic carbon content in the soils 
from the five major borings is 0.7%, which is identical to the average 
for all of the Oslofjorden Project cores (Table 5). With respect to 
depth, the organic carbon linear regression lines show a small negative 
slope for all of the borings (Fig. lOC); 
Along the axis of the fjord, the relationships among the boring 
regression lines show that the greatest organic carbon percentage occurs 
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at the Djuprcnna site and the least at the Raudyrenna site. The 
East Vest fj ordcn site, and both site(; 
between the l i rn i ts set by the o the r two s i t es . Th c H du t, yr en nit -s ha 11 ow · 
site contains substantially less organic carbon than any of the other 
s i t e s . ~,/he n a l l o f th e d a t J fro in co re s "'' i th i n a b a s i n ha v e been 
aver a g e d , the f o 1 l o ~·, i n 9 . a v l! i -a ~j c o r ,.1 a n i c c d r tJ o n p e r c en t a ~I e i s found 
along the axis of the fjord: 0.8 in Ec1st Vestfjorcicn hdsin, 0.9 in 
Djuprenna basin, 0.7 in Bast~ydjupet basin, and 0.4 in Rau¢yrenna 
basin. 
These values are substantially lower than the fairly constant 
value of 1.9% found south of Dr~bak by Doff (1969), which may reflect 
the different methods of determining organic carbon. Mourn (TR 13) 
used% Corg. = % Ctotal - % Cinorg.• while Doff (1969) used% corg. = 
1.94 % Ctotal' Doff's organic carbon values for East Vestfjorden 
ranged from 4.5 to 4.9%. 
fa]_cj_um fa.r.b.9..n~tf. - The average calcium carbonate content in the 
soils from the five major borings fs 3.8%, which compares to 2.9% in 
all of the Oslofjorden Project cores (Table 5). With respect to depth, 
the Caco3 linear regression lines show a small positive slope for all 
of the borings (Fig. lOD) • 
. Along the axis of the fjord, the relationships among the ·boring 
regression lines show that the percentage of Caco3 progress.ively in-
creases from north to south (Fig. 100). At the Rau~yrenna-shallow site, 
the Caco3 percentage fa 1l ls between the Bast~ydjupet and Rau,Syrenna-deep 
' I 
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borings. When all of the data from cores within a basin have been 
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ax i s of t he f j or d : 1 . 2 i n Ea~ t Ve s t f j or d c n b a s i n • 3 . 1 1 n ;;, j up re n n a 
basin, 3.6 in Bast~ydjupet basin, and 4.6 in Raudyrenna basin. 
Sulf~dc. - The avera]c sulfide, bivalent sulfur, content in the ---"'--
So "ls of ti1e- f1've r·~11c:1 .·1·1.·.··)1·~ ,,,,.~Jr·1·r 1 1.' .. (: -~(~ ;I ri:J::. ,.j, .. ,, li!f)~n.1'·1• cr.·.;n'~)'.'if'"e-d ·o :in I l - . ~- \. I , ! . J l ,,.1 -· • '- L , L } If \.. i j l, ) VI 11 ~- CJ l _ U 
average of 0.05% in all of the Os1ofjordcn i'>roject corc:s (Table 5). 
These values, and those following, should be considered only indicative, 
be ca u s e s u l f i de w a s n1 ea s u red genera 11 y on l y where de t e c t e d v i s u a l 1 y 
in the cores rather than routinely. 
When a l 1 of the d a ta fro n1 cores w i th i n a bas i n have been averaged , 
the following average sulfide percentage dry weight is found along the 
axis of the fjord: not measured in East Vestfjorden basin, 0.02 in 
Ojuprenna basin, 0.01 in Bast0ydjupet basin, and 0.01 in Rau~yrenna 
basin. 
Iali!li1Y. - The average measured pore-~1ater salinity in the five 
major borings is 34.6%0, compared to a salinity of 33.5%0 for all of 
the Oslofjorden Project cores (Table 5). With respect to depth, the 
pore-water salinity for the five major borings may be defined by: 
S = 34.005 + 0.167 z 
where the salinity is in parts per thousand and the depth i's in m; 
the correlation coefficient is 0.219 and the standard error of estimate 
is l. 542. 
When all of the data from cores within a basin have been averaged, 
the following aver~ge pore-water salinity in parts per thousand is 
'.' 
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found {' 1 on 9 the ax i s of th c fjord : 3 3 . 6 i n Ea s t Ve s t fjord en bas f n , 
1 n n or t h B d :~ t e, y d j J p t • t b a :~ 1 n , <l n d 3 ,1 . 5 
1n north Rau~yrenna basin. 
fo~s_Qlj_d!tl_o~. - It is reasonable to assume that the Oslofjorden 
deposits a re norma 1 ly con so 1 i dated because they have always been be lo,w 
sea level and tnere is no qt:oloqicdl evidence to indicate over- or 
u n de r con s o 1 i d a t i o n . A p 1 o t o f t n c o v c! 1 ~ c o n s o l i d a t ~; or, r a t i o ( p re -
consolidation stress, ~c / effective overburden stress, ~v ) related 
to the depth at which a sample was collected for testing in a oedometer 
( Fi g . 11 ) s h O\v s th e re l a t i on s h i p for the 8 s a n1 p l es f rorn the f i v e ma j o r 
b or i n g s to g e t h e r \'r' i th a n ad d i t i on a 1 1 3 s a 111 p 1 es from e l s e ~·,he re i n the 
Os 1 of j orden and Drams f j orden. In Figure 11 , conso 1 i da ti on data from 
cores ll and 68 (TR 13) are not included because the samples were 
disturbed. The relationship shown indicates that the magnitude of the 
apparent overconsolidation ratio is inversely proportional to the depth 
above about 4.5-5 m. Below this depth the overconsolidation ratio is 
about unity, indicating that the deposits are truly nonnally consolidated 
at depths greater than about 5 m. The degree of data scatter is not 
considered to be important because the selection of the preconsolidation 
stress from an ·e log~ plot using the Casagrande (1936) construction 
method is imprecise and an exact calculation of the overconsolidation 
ratio is rarely possible, even when alternative construction methods 
are utilized. 
\ 
The increasing amount of "apparent" overconsolidation with decreas-
·, 
ing depth above about 4.5-5 mis suggestive that the overburden stress 
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at lesser depths is inadequate to consolidate normally the silty clays 
1n the Oslofjorden. 
Holocene Sedimentation 
............................ _____ ~ =·,.......__............,. _____ ........... 
\ 
Four carbon 14 dates on shells fn the Ra terminal moraine reported 
'. 1 CJ" _-. "-J. '·. 
• I t1 ' ' \ ,_, - \.~ I and re~t1 i n9-11anssen ( 1964b) yield an ayerage date 
i 
o f l O , 3 9 O : 3 0 O B . ;) . for th c i< c1 • ,~ b o u t th i s t i rn e the g 1 a c i er \'i a s 
stagnant. f•\ost of the existing land presently above sea level in 
Figure 1 was either under ice, north of Horten-Moss, or under water 
south of the broad ice front. The quantity and quality of sediment 
discharge from the glacier into the area including Bast¢ydjupet and 
Rau.Oyrenna more than 10,000 years ago v,as dependent upon local conditions, 
chiefly the discharge of glacial streams and rivers, calving and ablation 
•• 
of the resulting icebergs, and jokulhlaups or glacier outburst floods. 
Deposition probably was most rapid in the deepest parts of the seafloor 
-- the basins of Bast¢ydjupet and Rau¢yrenna --and less rapid in the 
shallower water on the~flanks of the basins. The fact that acoustic 
reflector D, at an average depth of 24 m below the present bottom 
(Table 7), is found in all basins from East Vestfjorden to Rau¢yrenna 
suggests that it either resulted from wasting at the bottom of the 
glacier or it originated earlier than about 10,000 B.P. 
About 10,000 B.P. the recession of the glacier conmenced from the 
location of the Ra (Holmsen, 1965). The sedimentological patterns 
changed as the ice melted; but the effects in the basins investigated 
appear unimportant, even though during this period the central west part 
' 
of the fjord probably became a discrete contributer of sediment from the 
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Dr,msfjordcn. north of the islc111d of Lanq'4yu, and from an ann of the 
A sti llstand of the 9lacicr occurred i1hout the location of Svelvik 
Ql 
and c1 t the north end of Dj uprenna. This As-Ski subs tc19e has been dated, 
by C d r Li On 1 4 i n S he 1 l ~; f Oun d i n the mo r a i n e • t O ha Ve O C Curr ecd c1 b OU t 
9,750 ! 250 B.P. (Holtcdahl, 1960). rnore or 
less constant position, the sedirnentation patterns ch,Jt~'.;ed a ·second 
t i me . Ac o us t i c re f 1 e c tor C , a t a n a v er age de p th o f i 5- 2 O n; b e 1 o ·,,., the 
present bottom (Table 7), probably was established in Djuprenna, 
Bast¢ydjupet, and Rau¢yrenna. 
After an unknown, but presumably geologically short duration, the 
glacier retreated to the last stillstand in tt1e present Oslofjorden 
area, where the Aker moraine was deposited north of Oslo. Two carbon 14 
age dates on shells found in the moraine (Holtedahl, 1960) yield an 
average date of 9350 ± 250 B.P. The duration of ice stagnation at this 
location was short. Mass wasting then began, and the glacial front 
rapidly receded north without pauses of significant duration. 
Sometime after the final retreat began, perhaps about 9000 B.P., 
acoustic reflector B was established, at an average depth of 11 m 
below the present bottom (Table 7), in all four basins along the axis 
of the fjord. Reflector 8 may have been formed when the ice recession 
became continuous or, perhaps, at the Aker substage. Sediments may 
have originated from the glacier or by fluvial runoff from land 
emerging above sea level to the west and north of the fjord. 
· 40 
~.' 
< I 
"• 
;: 
It 1s estimated that about 4,000 8.f>. lOCtll conditions in the 
vicinity of Ojuprcnna produced ,1coustic reflector l\, dt <1n dverdqe 
depth of ,1 rn below the present bottan (Table 7), which has not been 
found 1 n t he o the r rn a j or b il s i n s a 1 on g the ax i s of the fjord . 
Th e t·i l) s t r cc er, ~ c n d n ~-; c~ :; , p a r t i cu 1 d r 1 y i n the i n n e r f j o rd north 
of Or¢bak. result froin the actions of n~an in historic t'ii~ic; although 
the results are in1portant, they are not the subject of this paper. 
The amount of the current sediment input to the Oslofjorden 
appears to be unknO\'t'n. The n,ean annual river flov, into the or·ams-
fjorden, and ncnce through the channel at Svelvik--if no evaporation 
i s a s s u 1n e d - - i n to th e Os l of j o rd e n , fro rn th e Dr a nirn en s e 1 v en i s about 
9.834 x 109 m3; the maximum annual flow is 15. 1 x 109 m3 and the mini-
mum annual flow is 0. 167 x 109 m3 (all data from NIVA; Molvaer, personal 
communication). It may be assumed, however, that most of the sediment 
transported into the Dramsfjorden remains in the Dramsfjorden. No 
other large rivers flow into the Oslofjorden. 
SUMMARY AND CONCLUSIONS 
1. This paper discusses results of data appearing in Richards 
(1973) for the four major basins located along the main axis of the 
Oslofjorden. From Oslo at the north to Fuglehuk Fyr at the south, the 
names of the basins, their areas, their water depths, and their thick-
ness of silty-clay sediments are: East Vestfjorden, 5.4 km2, 164 m, 
and 29 m; Djuprenna, 11.4 km2, 225 m, and 150 m; Bast~ydjupet, 15.5 km2, 
. 302 m, and about 32 m; and Rau~yrenna, 43.6 km2, 369 m, and about 32 m 
p h 
~ --· . 
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--all values only from withfn the study area. 
2. Up to four n1ajor acoustic ref lee tors above presumed basement 
were identified in the t)asins. It is postulated that continuity of 
reflectors exists bet\i•'een the basins along the axis of the fjord 
( Ta b l c 7 ) d n d t h d ~ t h e c ~ 1 r o n o l o c; )' o f ··- .~. t_· "i· ' ,- ..... _ .. -. , .. j ~ ,... ,., ·J·.-·'ll' t' ,, 1'-\_l.,r ~•'- i,-._, .... J d S f O l l O\tl S : 
layer' D. found in all r ' • 1· o u r t) a s 1 n s , sub-
stage or greater than 10,000 B.P.; layer C, found in the three southern 
0 
basins, dates about the As-Ski substage or 9,750 B.P.; layer 8, found 
in all of the basins, fanned after the Aker substage or less than 
9,000 B.P.; and layer A, found only in Ojuprenna, may have been de-
posited about 4,000 B.P. 
3. Short gravity cores and borings to a maximum depth of 7.2 m 
obtained using the principal of incremental piston coring, were located 
at favorable sampling sites based on a prior sub-bottom reflection 
geophysical survey. The cores were collected in 1962 and tested in 
1962-63. 
4. The generalized character of the soils from the bottom of the 
basins, to the depths sampled at the sites tested, is a highly plastic, 
inorganic, Ch-type silty clay composed of about 20% hydrous mica, 25% 
-- quartz, 20% feldspar, 15% chlorite, and 10% other components. The 
mineralogical composition of the submarine soils is similar to that of 
the marine soils uplifted above sea level. The average geochemical 
properties are: 34.6%0 pore-water salinity, 3.8% Caco3, and 0.7% organic 
carbon; sulfide·was measured in certain cores. The average laboratory-
measured sould velocity in the soil of the borings, and from elsewhere 
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in the Oslofjorden and the Oramsfjorden, was 1.50 km/s fn the axial 
direction and 1.52 k:n/s in the dia:rrctrtc direction. 
5. Three key surface, 0-0.l m. properties of the soil range as 
follows: water content 125-2071 dry weight, shear strength O.l-0.4 t/ml, 
and scns~tivit·/ 2-S. 
6. Equations relating principal geotechnical and geochernical 
proper t i es to de p th were de v e l oped f o r t h e f i v e in a j o r Do r- i n s1 s i n the 
four basins (two borings were fr~ Rau¢yrenna). For each property, 
linear regression lines were plotted showing generalized relationships 
from basin to basin along the axis of the fjord. The following equations 
result frorn surnn1ari zing the five borings \'Ii th respect to depth in rneters: 
bulk density (t/m3) = l.483 + 0.021 z; water content (X dry weight) = 
107.543 - 6.840 z; shear strength (t/m2) = 0.635 + 0.171 z; organic 
carbon(%)= 0.802 - 0.034 z, and Caco3 (%) = 3.210 + 0.153 z, and 
pore-water salinity (%0) = 34.005 + 0. 167 z; in addition, for the five 
borings, plasticity index= -11.036 + 0.751 wL. Correlation coefficients 
-
and standard error of estimate are presented for all equations. 
7. Geotechnical and geochemical data resulting from all measurements, 
from all of the cores and borings within each of the four basins, are 
• 
sunvnarized to include the minimum, maximum, and average values, and the 
standard deviation. 
8. Three carbon 14 age dates on organic carbon from soil in borings 
from two basins permitted rates of sedimentation to be determined. 
Djuprenna had a high rate of 1.58 m/1000 years, the deep-w.ater site in 
Rau~yrenna had a lower rate of 86 cm/1000 years, and the shallow-water 
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stte fn Rau6yrenna had the lowest rate of less than 63 cm/1000 years. 
All rates are corrected for consolidation fo 1 lowiny the ilt1;:;i 1 ton ( 1959) 
method. 
9. The overconsolfdatfon ratio, computed at depths ranging from 
2.6 to 6. 9 r~~ in the five t·ori n~Js, shOi•1ed a ren1arkably consistent rela-
tionship to depth belo\'I the botto:11. The r~a1,1n·itude of apparent over-
con so 1 i d a t i on \t/ a s i n v er s e 1 y re l a t e d to d e p t h d b o v e d tJ o u t 5 n1 . Be l O\t/ 
this depth, an overconsolidation ratio of unity indicated that all of \--
the Oslofjorden soils, including those froo, the \'t'est part of the Oslo-
f j or d en and fro rn the Drams f j or den , a re no nn a 11 y cons o 1 i d a t e d . S i n c e 
there is no geological evidence to indicate true overconsolidation at 
depths of less than about five meters, it is concluded that the over-
burden stress at lesser depths is inadequate to consolidate these silty 
clays. 
10. The range of the coefficient of consolidation in soils from 
the four basins was from 0.8 to 8.2 x 10-6 m2/s. A compression index 
of l.2 was found from both sedimentation-compression and oedometer 
e log P curves, between 0.01 and nearly 10 t/m2 overburden stress, 
for the boring in Djuprenna. At the deep-water boring in Rau¢yrenna, 
both the sedimentation-compression and oedometer e log p curves yielded 
a consolidation index of 0.5 between overburden stress values of 0.2 
and about 5 t/m2. At smaller stresses, the virgin consolidation curves 
were dissimilar, reflecting the amount of apparent overconsolidation at 
. depths of less than about 0. 5 m ( O. 2 t/m2). 
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11. At the East VestfJorden site in the inner fjord, the top 0,4 m 
of soil cxhtbit.ed c; ' ' - ' ,, ' . . ~ ,. '_ ~ ' . "" . -, . ! i;", l - ' ,.- , \ • . , - . . " 1 d ,1u1 lut.!'u l•\1t.lT d(i(i 1f1C1 ., h·Prt• not ~LL, n d i n the core , 
an u nu s u a 1 l y h i g h o , .. 9 a n i c ca r b on co n t c· n t ,·,· d :~ *!•.• ,~,,, .••. 1 L 1 , d L l, I · j f .. U 
1 , 6 % a t the s u r fa c e to ab o u t O . 8 i a t de p th s g r ca t e r th a n O . 7 :11 • 
12. Ske1npton (1970) attributed the origin of the sand-silt-clay 
1 aye r o c c u r r i n ~J a t a d Pp th o f ct b o u t 3 . 6 n1 i n D j u pre n n a to a t u r b i d i ty 
cu r re n t . i~ o c v i d en cc \•,' c1 s f o u n d f o r t he ~J r a d e d b c d d i n 9 t h a t i s 
characteristic of turbidites. An alternate explanation is that the 
sand- s i 1 t -c 1 a y 1 ayer or i g i n a t e d fr 0111 a s 1 i de or fr on1 u nus u a 11 y rap i d 
•• glacial deposition, possibly following a jokulhlaup. 
13. Quick clay, having a sensitivity greater than 15 and the ability 
to flow like water when remolded, was found in the Rau¢yrenna shallow-
water site, which was atypical of the other borings. At this location, 
the soil tended to be coarser grained and had a lower plasticity index 
than in the basins. It is postulated that the quick clay is related to 
unusually low (less than 0.2%) organic carbon. The pore-water salinity 
is about 35%~ in the boring. A working hyRothesis is that the small 
' 
quantity of organic carbon pennits the development of a strong electro-
chemical bond between clay particles or flocules, with the result that 
the natural shear strength becomes large. A much thicker coating or 
film of organic carbon between the clay particles or flocules reduces 
or prevents very strong electro-chemical bonding, with the result that 
the natural shear strength remains sufficiently small that quick clay 
does not develop. 
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14 . 0 n 1 y th c w a t er con t c n t and the Ca CO 3 cons 1 s ten t. l y v (, r i e d f r't)ffl 
from average values of 104-105: dry weight in the Et1st VcstfJorden 
and Ojuprcnna borings. to 82t in BastOydjupet. and 671 in Raudyrenna. 
Ca 1 C i u :~·, C ,1 r : ) 0 !J a t C i n C r t: d ~) L.; i : ( r Orn d V e r a r; e V a l u C s O f l . 2 I i n [ a s t Ve s t -
f jordcn to 3. 1-:.. in Dj uprcr.na, ... \; •· . . -'1 (' • ... . . .' • ~ . ' •. '. " 0 ( .•. ) L J , } ,, , ..; "' 1 ,• C l. , c1nd ' •. ~ :1 ; ., . c ,: i n 
Rau~ yr en n a • The ma g n i tu de of a l l o the r g e o t e ch n i c a 1 a n d g co c he n1 i ca 1 
properties showed a variable relationship with respect to distribution 
1n the four axial basins of the Oslofjorden . 
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Table 1 Geotechnical and Geochemical Properties Summarized for the East Vestfjorden Basin (Cores 19-21) 
Clay size,% <2µm 
Bulk density, y (t/m3) 
Water content, w (%) 
Liquid limit, wl 
Plastic limit, wp 
Plasticity·index, Ip 
Liquidity index, IL 
She~r strength, T 
max. (t/m2) 
Shear strength, Tmin. (t/m2) 
Sensitivity, st 
Organic carbon, Corg.{%) 
· Calcium carbonate, Caco3 {%) 
Sulfide, sd;y {%) 
Salinity, s (%0) 
Number of 
analyses 
34 
27 
60 
5 
5 
5 
5 
28 
28 
28 
30 
30 
--
30 
Minimum 
40 
1. 34 
75 
77 
25 
46 
1. 00 
o. 15 
0.03 
3 
0.55 
0.70 
--
31 
47 
Maximum 
69 
1. 58 
156 
118 
41 
77 
1. 31 
2.30 
Q.27 
9 
1.40 
2.40 
--
42 
Average 
55 
1.46 
104 
92 
33 
59 
1.14 
0.91 
0. 14 
5.8 
0.85 
1 . 17 
--
33.6 
Standard 
deviation 
5 
0.07 
22 
16 
6 
11 
0.11 
. 0. 51 
Q.07 
1. 8 
o. 19 
0.43 
--
1. 7 
I 
':I 
r, 
I 
I 
I 
,1 
\1 
I I 
I 
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~ Table 2 Geotechnical and Geochemical Properties Summarized for the Ojuprenna Basin 
Clay size,% <2µm 
"" 
Bulk density, y (t/m3) 
Water content, w {%) 
. Liquid limit, wl 
Plastic limit, w 
p 
Plasticity .index, I p 
Liquidity ;·ndex, IL 
Shear strength, 
-rmax. 
_ Shear strength, Tmin. 
Sens i ti vi ty, st 
Organic carbon, corg. 
(t/m2) 
(t/m2) 
(%) 
Calcium carbonate, Caco3 (%) ' 
Sulfi~~ s~- (%) 
ry 
Sal i n i ty , S ( % o ) 
Number of 
analyses Minimum Maximum 
118 
103 
208 
15 
15 
15 
15 
104 
l 01 
101 
102 
102 
38 
99 
6 
1. 29 
31 
34 
19 
15 
0.81 
0.05 
0.02 
2 
0.30 
Q.90 
0 
30 
48 
74 
1. 94 
207 
132 
52 
92 
l . 51 
4. 10 
0.60 
15 
1.90 
8 .. 00 
0.07 
38 
(Cores 14-16, 18, 22-24. 82-84) 
Av p. r r'"l r. ...,,_ . ..,._.. . .. _ 
55 
l . 48 
105 
92 
34 
58 
1.04 
0.90 
0. 14 
6.2 
0.87 
3 .. 09 
0.02 
34.4 
" 
• 
d ~ ..... •' ·' ~ .i • ~ ,.... ,., ,I. t ' . . . ' ' 
'\- . •c... >..., .,. ,,_.,'. '~ 4' 
16 
0. 14 
35 
22 
7 
18 
0.21 
0. 68 
0 ~ 10 
2.7 
0.25 
0.92 
0.02 
1 . 1 
I 
,1 
.I 
,I 
._ ~ 
I 
I 
LI 
, I 
l: 
, I 
r 
,I 
~ 
Tab 1 e 3 Geotechnical and Geochemical Properties Summarized for the ~torth Bast~ydjupet Basin (Cores 29-33, 57-59,79) Number of 
analyses Minimum Maximum Average ----------------------------------------· -·----,-,-_,_,_. __ _ Clay size,% <2µm 
Bulk dens·i ty, y ( t/m3) 
Water content, w (%) 
Liquid' limit, wl 
Plastic limit, wp 
Plasticity index, I p 
Liquidity index, IL 
Shear strength, 1 max. 
Shear strength, ., 1 min. 
· Sensitivity, St 
Organic carbon, Corg. 
( t/m2) 
(t/m2) 
(%) 
Calcium carbonate, Caco3 (%) 
Sulfide, sd;y (%) 
Salinity, S ( %0) 
87 37 
80 1.35 
160 42 
15 37 
15 17 
15 20 
15 0.62 
81 o. 12 
81 0.03 
79 2 
78 0.01 
78 Q.80 
14 0 
77 32 
49 
79 
1. 82 
154 
127 
44 
83 
1. 80 
3 .1 O 
0.88 
21 
1. 20 
4.90 
.04 
45 
62 
l. 56 
82 
86 
32 
54 
0.91 
l . 51 
0 .. 28 
5.4 
0. 72 
3.63 
0.01 
35.0 
10 
0. 10 
23 
23 
7 
16 
0.31 
0. 74 
o. 16 
3.6 
0.25 
0. 72 
0.01 
1. 7 
1'. 
' 
' 
I , 
,. 
Geotechni cal a.nd Geochemical 
Clay size,% <2µm 
Bulk density, y (t/m3) 
Water content, w (%) 
Liquid limit, wL 
Plastic limit, wp 
Plasticity index, Ip 
Liquidity index, IL 
She-ar strength, 
-rmax. 
Shear strength, 1 ffiill. 
Sensitivity, St 
(t/m2) 
(t/m2) 
Organic carbon, corg· (%) 
Calcium carbonate, CaC03 (%) 
Sulfide, sd- {%) ry 
~al i n i ty , S ( %0 ) 
j. 
., 
• 
Table 4 Properties Summarized for the 
Number of 
analyses Minimum 
159 14 
164 1.35 
313 31 
27 33 
27 16 
27 15 
27 0.67 
144 0.24 
148 0.02 
144 2 
151 0 
150 2. 10 
25 0 
142 32 
50 
North Rau,Syrenna Basin (Cores 34-(,8) 
Sta,,'.::}rd Maximum Average r1r .. : • •.: ,"'n !· Iii j. " ' ' '. · .. :: ' ls.,.j :,,._~ • ' . 4 W I- -~, • 
. -
_,,__ -=·. ·"'<--
______ ,,_ 
83 58 1 .. 4 
1.95 l. 63 o. 11 
145 67 o. 20 
136 6,8 27 
52 27 8 
84 41 21 
2. 13 1 . 19 0.41 
3. l 0 1.14 o. 54 
o. 78 0.20 o. 15 
21 7.2 5.3 
1.70 0.44 
~33 
7.80 4.61 , 1. 36 
0.02 0.01 o. 01 
39 34.5 1. 3 
\- . 
I 
'· 
i -
' 
. 
-~ 
/. 
I' 
. -_t 
Table 5 
Geotechnical and geochemical properties summarized for all Oslofjorden Project Cores reported in TR 13 
Number Of 
"t 1 r: -· ·.,. ,,,1 ,,,.,,;. .{_-; ~ ,.. ·d• ~
-Clay size,% <2um 654 
analyses Minimum Maximum Averar: 1: de\': i ~. ~ "r, --------------~--------------------------
·- ~. -· --
5 
Bulk density, y (t/m3) 626 l. 18 
Water content, w {%) 1261 31 : 
Liquid limit, wl 115 29. 
Plastic limit, wp 115 16 
Plasticity in~ex, Ip 115 8 
Liqui~ity index, IL 115 0.58 
Shear strength, Tmax. ( t/m2) 598 0.02 
Shear strength, Tmin. ( t/m2) 598 0. 01 
Sensitivity, st 598 1 
carbon, corg. (%) 615 0 
e-· 
Calcium carbonate, CaC03 (%) 612 0. 10 
Sulfide, sdry {%) 257 0 
Salinity, S (%0) 613 23 
. '· 
51 
83 
1. 95 
197 
140 
52 
94 
2.88 
4. l 0 
0.88 
29 
2.20 
8.60 
0.45 
45 
55 
l. 55 
86 
80 
31 
49 I 
1. 15 
l .02 
o. 17 
7.2 
0.69 
2.88 
0.05 
33.5 
14 
0. 13 
30 
27 
8 
20 
0.42 
0. 71 
0. 14 
4.0 
0.33 
1. 86 
o o:a· .. . ·.J 
3.2 
• 
, 
Table 6A 
East Vestfjorden Boring (Cores 19-21) 
Correlation Standard er~ror Parameter · Equation* 
coefficient of est i r-:1a tc 
Bulk density, t/m3 y = l.398+0.03lz 0.911 0.03 
Water content,% dry wt. w = 128.105-l0.615z -0.884 11 
S-hear strength, t/m2 
-rmax. - 0.468+0.18lz 0.661 0.40 
Organic carbon, % Carg. - 0.882-0.0252 -0.282 0. 17 
Calcium?carbonate, % CaC03 = 0.818+0.1672 .o. 746 0.29 
* z' refers to the depth below the 
water-soil interface in meters 
52 
• 
M. . '' . A 1 n, mum i\ax 1 mu:1 · verage 
de ,,;. ·\.;. 1•tn ·, __ •· ::.. -~ :i ·:v · 
l. 34 1. 58 1 .. 46 0.07 
75 156 104 22 
0.15 2.30 0.91 O.Sl 
0.55 1 .40 0.85 0. 19 
o. 70 2.40 1.17 0.43 
I . 1 
' 
I 
... ' 
Table 68 
Djuprenna Boring {Cores 14, 22-24) 
· ~Parameter Equation* 
Correlation Standard error 
coefficient of estimate 
! 
' 
. Bulk density, t/m3 y ~ l.363+0.025z 
~ater content,% dry wt. w = 144.798-10.2202 
Shear strength, t/m2 Tmax.= 0.285+0.184z 
Organic carbon, % Corg.= l.026-0.028z 
Calcium carbonate, % CaC03= 2.799+0.083z 
~ z refers. to the depth below the 
water-soil interface in meters 
0.873 0.03 
-0.794 17 
0.752 0.37 
-0.421 0.14 
0.413 0.42 
• 
53 
Minimum Maximrurn Average 
1. 29 1.94 1.47 0.09 
35 207 103 29 
0.02 2.66 0.14 0.08 
0.50 1.90 0.93 0. 2fJ 
2.20 4.00 3.09 0.44 
I . 
-~ 
.. 
Table 6C 
N. Bast~ydjupet Boring (Cores 29-33) 
Correlation Standard error Standard Parameter Equation* 
~in imurn r1ax imum Avera9e coefficient of estin~atc deviation ----------------,_........---------------------------------·-=--• 
( 
l 
Bulk densitys t/m3 y = 
Water content,% dry wt. w = 
Shear strength, t/m2 
-rmax. --
Organic carbon, % corg. --
Calcium carbonateJ % CaC03 = 
* z refers to the depth below the 
water~soil fnterface in meters 
l .483+0.017z 0 .. 756 
99.427-4.8082 .. Q.698 
l .. 186+0. l 46z 0 .. 487 
0.989-0 .. 0522 -0.635 
2.960+0.186z 0.594 
54 
0.03 1.38 1.63 1.55 0.05 
10 63 148 79 14 
0.55 0. 16 3 .10 1. 75 0.62 
0 .13 0.45 1 . 20 0.77 o. 17 
0.53 1.20 4.90 3 .70 0.63 
• 
-
Table 6D 
N. Rau~yrenna-Deep Boring (Cores 34-38) 
Parameter Equation* 
Bulk density, t/m3' y = 1.446+0.030z 
Water content,% dry wt. w = 112.368-9.2262 
··shear-strength, t/m2 , 
-rmax·= 0.679+0.208z 
Organic carbon, % corg.= 0.922-0.0702 
Calcium carbonate, % CaC03= 5.402+0.l02z 
. * z refers to the depth below the 
' 
water-soil interface in meters 
Correlation Standard el~ror 
coefficient of estin1ate 
0.795 0.04 
-0.782 13 
0.641 0.44 
-0.511 0.21 
0.190 0.94 
55 
" 
• 
Standard Minimum t1ax irnum Average 
[I 
rn 
[11 1.35 1. 60 1. 53 0.07 
64 146 85 22 • 
0.25 2.75 1.30 0.57 
0.20 1. 70 0.76 o. 2'9 
4.50 7.80 5.76 0.94 
.. 
,. 
.. 
( 
Table 6E 
N. Rau~yrenna-Shallow Boring {Cores 39, 42-44) 
Parameter Equation* 
v 
Bulk density, t/m3 y = l.694+0.006z 
Water content,% dry wt. w = 60.411-1.6042 
Shear strength, t/m2 Tmax.::;. 0.658+0.075z 
Organic carbon, % corg.= 0.312-0.0232 
Calcium carbonate, % CaC03= 3.190+0.200z 
-
·* z refers to the depth below the 
· water-soil interface in meters 
Correlation Standard error 
coefficient of estimate 
0.140 0.09 
-0.290 ), 10 
) 
0.332 0.40 
-0.306 0.14 
0.487 0.68 
.. 
56 
Minimum Maximum Average 
1. 52 1. 95 1.71 0.09 
31 86 54 11 
o. 15 1.70 0.92 0.42 
0. 01 0.65 0.22 0. 14 
2.50 5.50 3.92 0.79 
• 
---------.----~---
-
' i -· 
J 
., 
Parameter 
Bulk density, t/m3 y -
-
Water content,% dry wt. w = 
Shear s treng·th, t/m2 
-rmax.= 
··Organic carbon, % corg.= 
Calcium carbonate,·% Caco1= 
' 
Table 6F 
The Five Major Borings Summarized 
. 
Equation* 
l.483+0.02lz 
107.543-6.8402 
0.635+0.17lz 
0.802-0.034z 
3.210+0.l53z 
Correlation Standard error 
coefficient of estimate 
0.377 0.10 
-0.523 ·23 
0.544 0.55 
-0.232 0.29 
0.216 1.44 
* z refers to the depth below the 
water-soil interface in~meters 
57 
, 
! 
Minimum ~•aximurn Average 
1. 29 1.95 1. 55 0. 12 
31 207 8'.4 27 
0.07 3.10 1.23 0.64 
0.01 1.90 0.70 0.32 
0. 70 7.80 3.76 1. so 
• 
I . 
,: 
',,i· 
·•• 
i 
' 
\ 
I 
Table 7 
BPS-X Acoustic Reflectors 
This East Vestfjorden Djuprenna Bast~ydjupet Rau~yrenna 
Paper TR 13 Av. Depth, ml/ TR 13 Av. Depth, mll TR 13 Av. Depth, ml/ TR 13 Av. Depth, ,nl/ 
A 1 4 
-B l 11 2a 11 l 9 12 -C 2b 15-18 2 17-18 2 17-20 D 2 24 3 24 3 24 3 23 E2/ 3 29? 
- 4 ca 32 4 32? 
Y The strongest reflectors are underlined and the average depth given is generally for the 
center of the basin. 
g/ This acoustic reflector is believed to represent basement. 
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Figure 1. Bathymetric map of the Oslofjorden. 
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Append i x I I . - No tat i o~. 
Shear strength measurement. color determination 
I . JI" 
/' 
< .. ,.,'a ter con tent. bulk density. chem; s try, etc. measurement 
L;r1L·'c:r' f ~ t'r·cl· .· . . J • I I , . , 
[ill 
A 
C 
G 
Portion of core not tested or lost {hiatus) 
Acoustic velocity nieasurernent, n1eters/rni 11 i second 
Consolidation (oedometer test) 
Specific gravity 
XR X-ray radiography 
Bottorn of core 
ALT. Alternating 
C&S Clay and "sulfide" layers 
14c Carbon 14 age date 
Diam. Diameter 
DK. or dk. Dark 
Frag. Fragments 
Homo. Homogeneous 
Info. Information 
Meas. Measurements 
• 
Med. Medium 
Rep. or REP. Replicate analysis 
-- ..... 
... 
WT Worm tube or burrow (when· shown, drawn to scale and orienta-
tion) 
!' 77 
·' 
. I '~ I, 
_,., 
..... 111- .. ~·· .... 
. ... ' 
Water content 
w Water content 
Liquid 11n1it 
Plastic limit 
Plasticity index f • I •I p 
• Shear strength n1casurcrnent rnacie using lOg-60° fall cone 
o Shear strength n1easurernent rnade using 60g-60° fall cone 
a Shear strength measurement made using lOOg-30° fall cone 
•2•3 Two or three identical values plotted at one point 
\ 
t Shear strength (n1etric tons/square meter) 
9 
12 
+ 3 
6 
• or{!:) 
Shear strength from an unconfined compression test (3% axial strain at failure shown) 
Diagram showing% axial strain at failure, unconfined 
compression test 
-Effective overburden pressure, p 
Sensitivity (Natural fall-cone value/Remolded fall-cone 
value 
Max. Maximum 
Min. Minimum 
--Organic Carbon, Caco3, and S 
D 
• 
0 
Caco3 measurement 
Carbon measurement 
s-- measurement 
• 
•. 
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